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1.0 EXECUTIVE SUMMARY

The Westinghouse contract is aimed towards the development of a 4-inch silicon wafer technology for
FERRAM/FEMFET (Eerroglectric Memory FET) memory arrays. The memory cell structure involves a
ferroelectric layer within the gate dielectric of the FET, where the ferroelectric may be a ferroelectric
fluoride (BMF) or some other ferroelectric like bismuth titanate, BigTizOo. The key aspects of the
program address (a) development of Integration Compatibility/Accelerated Lifetime (ICAL) test vehicles
(including prototype FEMFET structures), (b) optimization of the ferroelectric fluoride or oxide films as low-
coercivity dielectrics, (c) evaluation of aging and fatigue effects and demonstration of long-term device
stability in optimized transistor structures, and (d) development of large-area manufacturing process
compatible with a 4-inch FERRAM/FEMFET technology.

This Interim Report covers the development of the barium magnesium fluoride (denoted as BMF) mernory
FET and a detailed description of the ICAL test vehicle implemented for the study of
ferroelectric/semiconductor structures properties and FEMFET fabrication process development and
optimization,

A strong positive attribute of BMF for use in FEMFET device structures is its chemical cempatibility with
silicon. Initial studies demonstrating the UHV deposition of BMF on clean silicon surfaces resulted in very
low interface state densities. It was also found that relatively large memory threshold voltage windows could
be obtained in MIS cstructures with modest values of switched polarization. Therefore, it was felt that
transistor- structures exhibiting high performance FERRAM-FEMFET operation could be achieved by
incorporating UHV-deposited ferroelectric BMF films as the gate dielectric on silicon substrates. The study
approach was to vary systematically the growth and annealing conditions and through correlative analysis
and electrical CV measurements to establish BMF fabrication procedures suitable for construction of high-
performance and stable FEMFET memory cells and arrays.

Epitaxial conditions where the ferroelectric a-axis of the BMF lies perpendicular to the film plane were not
identified. Thus to obtain significant ferroelectric switching it was necessary to utilize samples which are
randomly oriented. It was found that films grown at 200°C and annealed in hydrogen at 480°C resulted in
an almost perfect random orientation. Electrical measurements on capacitor structures confirmed that much
higher values of switched polarization were obtained from more randomly oriented BMF films. For the best
film samples the value of P, measured has been as high as 4.55 uC/cmz. Dielectric permittivity and
dissipation factor were measured over a frequency range of 5 to 500 kHz. The permittivity displayed some
variation with frequency, falling from a value of 9 at 5§ kHz to 8.4 at 500 kHz. This compares closely with
the average value of 10 reported for bulk single crystals. This low value of permittivity provides a
significant advantage coﬁ1parcxl to oxide ferroelectrics.

In genera'l, Si0y-capped BMF films with aluminum dot top electrodes exhibited CV memory windows that
exceeded the programming voltage. For instance, a 21V memory window was obtained with 16V
programming. The ferroeleciric switching speed for BMF films was measured at Penn State University to
be in the range of 40 to 45 nanoseconds. Fatigue measurements made using an RT-66A test system showed
only a 22% reduction in the remanent polarization (P*,) after 2.9 x 109 switching cycles at 60V. Retention




experiments with the RT-66A test system showed polarization decay rate of 2.75nC0ulombs/cm2/(time
decade) from one minute to over 1000 minutes for the linear regression best fit for that time region.

An 8K FERRAM Test Vehicle was created for evaluation of FEMFET baseline process integrity. This mask
set featured a full complement of test structures for evaluation ot the process integrity of the FEMFET
process. These test structures address such issues as performance, reliability, producibility, radiation
hardness, and uniformity of the baseline iechnology. Water fabrication on this program used short-loop
gridded wafers for ferroelectric capacitor fabrication and fully processed device wafers for FEMFET
fabrication. During this program phase 150 gridded wafers were processed and 20 device wafers were
processed up to FEMFET formation.

Process optimization for such parameters as buffer oxide thickness, tervoelectric film thickness/growth
ambient, capping oxide, film anneal, and metal composition/thickness was performed on the short-loop
gridded capacitor wafers. Upon successful demonstration of ferroelectric CV behavior, FEMFET memory
transistors were fabricated. A total of 14 device wafers with BMF FEMFETs were obtained. A series of
measurements were performed to quantify the retention characteristics of the BMF FEMFETSs. In general,
all of these evaluations indicated that the BMF FEMFETs that were fabricated had typical retention times
of 1 to 5 hours.

Evaluation of gridded test capacitors by CV techniques included variation of capacitance with time after
positive or negative write voltages. The variation of capacitance was correlated with CV curve data and
imputed decay rate of memory window per decade of time was calculated. These rates for BMF, in general,
agreed with the transistor measurements of retention of 1 to 5 hours. Also, several of the capacitor samples
were temperature-bias stressed and the shift of CV curves noted. These retention and temperature-bias stress
tests indicated that mobile charges were a significant tactor in producing a fast decay rate of the memory
window. On the other hand the measurements on BMF films using the RT-66A test system showed that the
ferroelectric spontaneous polarization, P, behaved well with endurance cycling and retention. lonic
conductivity of BMF, especially when the temperature is increased above 25°C was another factor that was
considered and was a major point in deciding to shift the study of ferroelectric FEMFETs from BMF to
other "oxide" ferroelectric materials such as bismuth titanate.

2.0 INTRODUCTION

The concept of a thin film ferroelectric memory field-etfect transistor (FEMFET) is not new. The first
FEMFET was demonstrated by S. Y. wul in 1974, The structure of that device was identical to the
standard silicon metal-insulator-semiconductor field-effect transistor (MISFET). except that the insulator in
the MISFET was replaced by a thin (3 to 4 um) layer of sputter-deposited ferroelectric bismuth titanate.
Although the device was stable and tunctional, it required a very large switching voltage. thus making it
incompatible with silicon ICs. In addition, it was slow (switching time of the order of microseconds). The
slow speed was attributed by Sugibuchi et al to tunnel-injection effects, i.e. charge injected from the silicon
surface into traps in the ferroelectric film through the thin native SiO; barrier. This resulted in injection
type, on/off switching (similar to SONOS) dominating over the desired polarization type switching, Devices
in which injection was suppressed by incorporating relatively thick intermediate (buffer) layers of Si0, were




demonstrated in subsequent years, using both bismuth titanate? and polyvinylidene fluoride (PVF2)3 as the
ferroelectric gate dielectric. These early FEMFET structures exhibited excessive fatigue, low retention, and
degraded programming speed, and required high programming voitages. The FEMFET concept is still
reccgnized as being more desirable than the competing capacitor-type destructive readout for a variety of
applications of ferroelectric random access memories because of its nondestructive readout (NDRO) feature.
However, there were no further reported attempts to fabricate FEMFETS until the current DARPA sponsored
project at Westinghouse. The project was awarded on the basis of a newly developed, proprietary, non-oxide
ferroelectric thin film material, BMF, that had the potential for application as the gate dielectric in a
FEMFET that was to be designed and fabricated at Westinghouse using standard silicon CMOS processing
technology. An alternate (backup) approach was to use a thin film of bismuth titanate as the gate dielectric,
with an appropriate buffer layer to prevent the tunneling-trapping type of behavior observed earlier. The
Bi4Ti3;Oy, films were to be grown by the pulsed laser deposition technique, which provides a much better
control of stoichiometry compared to sputter deposition used in earlier Westinghouse work. The early thin
film development work, both in BMF and BiyTi30(4, was performed with Westinghouse iR&D funding
prior to the start of this contract.

This Interim Report covers the effort on the program through development and testing of FEMFETs
fabricated with BMF as the gate dielectric. Also the FERRAM test vehicle is described along with the
FEMFET baseline process used to fabricate the wafers.

3.0 TECHNICAL EFFORT

A detailed description of the barium magnesium fluoride (BMF) FEMFET fabrication development and
testing is provided in this section. The FERRAM test vehicle is described and the resultant baseline
FEMFET fabrication process is presented. The BMF FEMFET electrical test results are provided.

3.1 Barium Magnesium Fluoride (BMF = BaMgF4) Background
3.1.1 Crystal Structure

The isostruciural group of fluorides BaMF4, where M is either a divalent 3d transition metal ion (Mn, Fe,
Co, or Ni) or a nonmagnetic divalent ion (Mg, or Zn), are known to be piezoerlectric materials4, aud in all
cases except the Mn and Fe compounds, they also display reversible polarization consistent with
ferr()electricitys. These orthorhombic materials possess a point-group symmetry of 2mm and have been
studied extensively in single crystal form. Keve et al® determined the crystal structure of BaMnF, and
showed that the polarization lies along the a-axis parallel to puckered sheets of MnFg octahedra. 1t is
postulated that, in the ferroelectric members of this group, polarization reversal involves a tilt of the MFg
octahedra, which is associated with displacement of the Ba atoms parallel to the [100] axis, as illustrated in
Figure 3-1. Saturation polarization values® for these compounds range typically from 6.7 t0 9.7 uC/cmz,
while room temperature permittivity values range from approximately 7 to 22. Coercive fields for single
crystals were reportedly high (>50 kV/cm), and available P data prior to this work had been obtained only
via pulse-switching studies. Pbysical properties of the BaMF 4 family are listed in Table 3-1. Since none
of these compounds was available commercially. it was decided to synthesice vne of them from the




constituent flyorides by molecular beam epitaxy (MBE) for characterization and evaluation as a candidate
for the FEMFET application. An analysis of the relevant physical properties of BaF, and MF, (M = Mg,
Zn, Co, or Ni), listed in Table 3-2, shows that BMF is the most suitablz candidate for these studies. BaF,
and MgF, have similar melting and evaporation temperatures, and their vapor pressures were also found to
be comparable in the temperature range of interest (1000°C to 1200°C). Thus, it should be possible to
deposit BMF thin films by evaporating an equimolecular mixture of BaF, and MgF5 from a single source
crucible. As can be seen from Table 3-2, MgF, is also the least water soluble of the MF, family.
However, BMF is expected to have a finite water solubility, and will require a capping layer for protection
during CMOS "wet processing” steps. Physical properties of BMF are listed in Table 3-3.

TABLE 3-1:  Dielectric Properties of BaMF,4 Bulk Crystals

Curie-Weiss | Melting | Room Temperature Curie Strain-Free Dielectric Constant
BaMF, | Temperature Point Spontaneous Constant

rm _ o m

Polarization T =22°C TP

M T,(°C) | TWP(°C)|  Py(uClem?) CCO | 6™ | ™ | elm [ ¢,@P
Mg 990+ 5 865+5 7.7+0.3 2.6x10° 8 14 8 21
Zn 810+5 745+5 9.7+0.3 3.36x103 | 1i 17 10 64
Mn 840+5 755+5 ? 4.17x103 | 11 15 7 51
Fe 820+5 720+5 ? 2.05+10%| 11 17 8 200
Co 880+5 855+5 8.010.3 1.12x104 | 10 22 8 400
Ni 132045 | 965+5 6.7+0.3 7x10° 8 14 7 20

Ref: M. DiDomenico, Jr., M. Eibschutz, H.J. Guggerhein, and T. Camlibél, Solid State Commun. 7, 1119
(1969).




TABLE 3-2: Properties of Selected Difluoride Materials
Magerial Density Melting | Evaporation Temp (°C) Water Solubility
(gms/cc) | Point (°C) (from vendor catalog) (gm/100 ml. at 20°C)
BaF, 4.828 1280 700 (CERAC) 0.12
1300-1500 (EM & AC)
MgF, 3.148 1266 950 (CERAC) 7.6x10™
1300-1600 (EM)
1126-1280 (AC)
ZnF, 4.95 872 1.62
CoF, 4.46 ~ 1200 1.5
CoF,.4H,0 2.192 Decomposes at 200°C Soluble
NiF5 4.63 > 1000 Slightly soluable
NiF,-4H,0 Sublimes at 1000°C

where the vendors are: CERAC, Inc. of Milwaukee, Wisconsin; AC = Atomergic Chemetals Corp

of Farmingdale, N.Y.; EM = EM Chemicals of Hawthorne, N.Y.

TABI.E 3-3:

Physical Properties ot BMF

Structure (Symmetry)

Orthorhombic (2mm)

Melting Point

865 + 5°C

Curie-Weiss Temperature

990 + 5°C

Spontaneous Polarization (20°C)

7.7 + 0.3 uC/cm?

Lattice Constants a= 5.81.A ay = 14.51A. a3 = 4.13A
Thermal Expansion
Coefficients (107°/°C) ap = 11.5. ap = 21. a3 = 20

Dielectric Constants along
Polarization Axis [100] at 10 MHz

€ = 8.40. & = 14.76. €3 = 8.24
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Because of the importance of a clean interface between the ferroelectric and the silicon substrate in the
FEMFET, the possibility of reactions at the interiace was investigated. One possible reaction at the buried
interface can be expressed as,

3.1.2  Stability of the BMF - Si Interface

BaMgF, + Si = SiF4 + Mg + Ba
Since no thermodynamic data exists for BaMgF,, we assume the reaction is
BaF;(s) + MgFy(s) + Si(s) = SiF4(g)~+ Mg(s) + Ba(s)

The free energy (AG) and enthalpy (AH) for the reaction are derived from the free energy (AGy) and heat
of formation (AHy) of the fluorides as,

AH = AH{SIF4) - AH(BaF5) - AH{(MgF,)

Using the values of AGy and AHg of SiF4, BaF,, and MgF, from published thermochemical tables, we
derive the values of AH to be +171 (at 25°C) and + 169 (at S00°C), with the correspending AG values
given by +153 (at 25°C) and +134 (at 560°C). For a reaction to proceed, the free energy (and enthalpy)
must be at least a negative value. The large positive values of AH and AG both at 25°C and 500°C indicate
that the reactants are *hermodynamically stable with respect to the formation of the products, and there is
no driving force for the above reaction.

3.2 Thin Film Experimental Methods

3.2.1 Ultra-High Vacuum (UHYV) Deposition

Initial BMF filn: growth experiments were performed (with Westinghouse IR&D funding) in a bakeable
ultrahigh vacuuin (UHV) chamber equipped with a fluoride sublimation source, an ion gun for substrate
surface cleaning, an Auger analyzer for the compositional characterization of the substrate and the film, and
a low energy electron diffraction (LEED) unit for the determination of the crystallinity of both the substrate
and the film. This experimcutal setup had been used previouslyg’lo for the growth of epitaxial group II
fluorides on semiconductors. The base pressure in the baked UHV chamber was less than 1.0 x 10710 Torr.
The substrates were cut in the form of 0.75 inch square pieces from wafers and mounted on the molecular
beam epitaxy (MBE) type sample holder. Bulk single crystal pieces of BMF, Czochraski grown in an
isolated growth chamber using optical grade BaF, and MgF, as starting materials were obtained from
Sanders Associates, Inc, Nashua, N. H. (courtesy of T. M. Pollak), and were used 4s the source in the
evaporator. BMF films were also grown successfully by evaporating BaF, (99.995% pure) and MgF,
(99.99% pure) powders (Johnson Mathey) mixed in equimolecular proportions and ball-milled prior to
insertion in the UHV chamber.
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Following the initial verification of stoichiometry, crystallinity, and ferroelectricity in the BMF thin films,
tilm growth was shifted to a commercial V80OH MBE system from VG Instruments, Inc., shown in Figure
3-2. The V80H MBE system, originally designed for 3-inch wafers, was modified (IR&D tunded) to
accommodate 4-inch diameter silicon waters. The moditication process, which involved changes in the
design of the substrate holder in the growth chamber, the transfer mechanism, and the cassette holder in the
entry chamber, has been described in detail in a Journal of Vacuum Science and Technology Shop Note.!!
‘The changeover from the small chamber to the VG V80H system, and the modification from 3-in. to 4-in.
wafer capability was required for wafer size compatibility with the existing standard VLSIC processing
during device fabrication before and after ferroelectric film growth,

Three different types of 4-inch diameter silicon wafers were used as substrates. Initially, high conductivity
(0.005 - 0.02 Q-cm) n-type wafers were used to facilitate measurement of hysteresis and dielectric properties
of the BMF films. C-V measurements were performed on films grown on p/pt ¥ (Bum p epitaxial Si
layer on a p*t water) or gridded (n¥ grids in p~ epitaxial Si layer on a p++ wafer) wafers. Silicon
substrate cleaning prior to insertion in the MBE chamnber consisted of the several steps listed in Tabie 3-4.
Step 4 in the cleaning procedure provided a fluorine passivation layer which could be removed by thermal
anneal inside the MBE chamber. The procedure was simplified by skipping step 3, after electrical
characterization of the BMF showed that step 3 could be eliminated without adversely atfecting the
capacitance-voltage (C-V) characteristics of the tilms. In those cases where film growth was desired on a
S§i0, coated surtace, only steps 2 and 4 were used. For film growth on patterned, semi-processed silicon
waters, the procedure had to be modified further. In these cases, in addition to eliminating step 3 and the
first part of step 4 (1:5 HF:H5O), the trichloroethylene in step 2 was replaced by acetone. In-situ thermal

cleaning consisted of anneals at temperatures ranging from 500°C to 900°C, depending on the substrate.

However, after some initial experimentation, anneal at 520°C for 20 minutes was the standard procedure.
The BaF, + MgF, mixed powder was evaporated from a pyrolytic graphite crucible. Boron nitride
crucibles were not used because of the possibility of boron contamination in the BMF films. The cruc hle
temperature during film growth was maintained at 1075°C to 1100°C, resulting in a growth rate of ab .ut
0.2 nm/sec. Films were grown at substrate temperatures ranging from 200°C to 600°C. Film thicknes: 25
ranged from 100 nm to SCO nm.

3.2.2 Post-Deposition Thermal Annealing

During the course of these studies it was found that BMF film structure was very sensitive to both deposition
temperature and subsequent annealing conditions. In both cases, modification of temperature and/or gaseous
ambient could lead to significant changes in crystallinity and crystallographic orientation. These effects are
described in subsequent sections of this report. Initially, post-deposition thermal annealing was employed
in-situ (in the UHV system, immediately after MBE growth) in order to crystallize the amorphous BMF film
deposited at the low growth temperature. Subsequently, annealing was carried out "ex-situ” in a separate
furnace system, usually in tlowing hydrogen or forming gas (90% nitrogen + 10% hydrogen). Furnace-
annealing involved rapid insertion of the film sample into the hot zone of the furnace, followed by isothermal
treatment for periods from 30 to 60 minutes. Later, rapid thermal annealing (RTA) in forming gas (using
a commercial A. G. Associates Model 410 system) was employed in order to achieve better control of crystal
orientation and electrical properties.
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TABLE 34: Silicon Substrate Cleaning Steps

Step 1: Buffered HF (NH4F+HF) {6:1) etch for 15 to 30 Seconds to remove oxide, followed by
deionized water rinse (10 Minutes).

Step 2: Degrease:
e Ultrasonic cleaning in mehtanol for 10 Minutes
® 15 Minuted in boiling trichioroethylene
e Ultrasonic cleaning in methanol for 10 more Minutes
® 10 Minutes in flowing deionized water

Step 3: RCA Procedure (to be repeated once):
® 15 Minutes in (H20+NH4OH+H202) (5:1:1) at 80°C, followed by 5 Minutes
deionized water rinse
® 15 Minutes in (Hy0+HC1+H;0,) (5:1:1) at 80°C, followed by 5 Minutes. DI-
water rinse first time and 10 Minutes. the second time

Step 4: Fluorination:
® HF+H50 (1:5) dip for 45 Seconds
® HF+H>0 (1:50) dip for 45 Seconds, spin dry

3.2.3 Structure and Composition Characterization

The vacuum-deposited BMF film samples were characterized structurally by a number of X-ray diffraction
methods (and in a few cases by electron microscopy) depending on the crystalline condition of the deposit.
X-ray powder photography (Debye-Scherrer) and diffractrometry (including double-crystal techniques) were
used primarily for phase identification and for studies of preferred orientation. These were supplemented
in some cases by texture camera evaluation. Oscillation and Weissenberg single-crystal techniques also were
employed on selected film samples in order to determine epitaxial relationships for films grown at higher
substrate temperatures. In some cases transmission (TEM) and scanning (SEM) electron microscopy were
used to study crystal size and orientation and to evaluate structural continuity of the films. The phase
composition (and assunied chemical composition) could be estimated to a sensitivity of about 2% for well-
crystallized film samples. For this analysis X-ray pattern reference data obtained from pure single-crystal
samples of BMF were employed.

3.2.4 Dielectric Electrical Measurements

A mercury probe was used extensively for the dielectric and ferroelectric characterization experiments on
the BMF films. Shadow-mask-evaporated Al dot patterns and a standard probe station were also used in the
case of SiOy-capped BMF films. Metal (Al, Cr-Au) dot patterns could not be used successtully on uncapped
films because of leakage problems. Attempts to grow BMF films on platinum or nickel coated silicon were
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not successful due to apparent reaction between the metal and the film. A modified Sawyer-Tower bridge
and a RT-G6A test system (Radiant Technologies Inc., Albuquerque, NM) were used for the ferroelectric
characterization of the films. Capacitance and conductance measurements were performed first with a
Boonton model 75C direct capacitance bridge, and later with a Hewlett Packard 4284A LCR meter (20 Hz

to | MHz).
3.3 Deposition Experiments and Results

Some of the key parameters for successful operation of thin-film ferroelectric memories (whether of the
capacitor or integrated FEMFET type) are low-voltage address (approximately 5V or less), low threshold
field (E) for ferroelectric switching, large value of switched polarization (P,), low permittivity (¢), high
breakdown field and low dielectric leakage - associated with high charge-storage stability (retention) and low
ageing and fatigue. The inter-relation between polarization, coercive field and permittivity has been
expressed by Scott et al. 12 o5 an operating figure of merit Pc/((e)(E.)). Address voltage can be reduced (for
a given threshold, or coercive field) simply by reducing the ferroelectric film thickness. However, for
typical polycrystalline film structures, lowering the thickness much below 100 nm is impractical, since
discontinuities, pinholes, and cracks become more numerous and result in premature dielectric breakdown.
Improved structural continuity can be achieved by using lower processing temperatures, but this can lead
to degraded stoichiomet?' and crystailite quality, which in turn raises the intrinsic coercive field. It has been
pointed out by Smythl that the ferroelectric switching fields used for typical film structures already
approach the dielectric breakdown strength, and that this can lead to field-induced migration of ions and
defects with deleterious effects on memory stability.

The above comments are applicable to any ferroelectric film material suitable for use in capacitor- or -
FEMFET-type device structures. However, special additional considerations arise in the case of BMF
ferroelectric films. Unlike pseudo-cubic oxide perovskite materials (e.g. PZT) which display multi-axial
polarization switching behavior due to their higher crystal symmetry, BMF has uniaxial polarization
characteristics, with Pg lying paraliel to the orthorhombic a-axis. It is clear that for such a structure the
highest P¢/E,, ratio would be obtained for an epitaxial film in which the polar axis lies perpendicular to the
substrate. It is also evident (as we discuss later) that for a randomly oriented BMF film structure (unlike
the case of a randomly oriented PZT film) some regions of the film will require switching fields far
exceeding those causing dielectric breakdown. Data reported here for thinned bulk crystal samples of BMF
suggested at the outset of these studies that switching fields required for thin films would be high. However,
the low permittivity of BMF partiy counterbalances the high E, to give an attractive figure of merit value
in Scott’s expression quoted above.

A strong positive attribute of BMF for use in FEMFET device structures is its chemical compatibility with
silicon. Qur studies prior to tne beginning of this contract convincingly demonstrated that UHV deposition
of BMF on clean silicon surtaces resulted in very low interface state densities. It was also found that
relatively wide memory voltage windows (approximately 10V) could be obtained in MIS structures with
modest values of switched polarization (approximately 0.2 uC/cmz), Based upon preliminary studies
conducted at Westinghouse before the award of this contract, it was believed that transistor structures
exhibiting high performance FERRAM-FEMFET operation could be achieved by incorporating UHV-
deposited ferroelectric BMF films, in the thickness range 100-200 nm, as the gate dielectric on (001) Si
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cubstrates. In accord with the above comments, our goal has been to vary systematically deposition and
annealing conditions, and through correlative analysis and electrical studies to establish fabrication
procedures suitable for construction of high-performance and stable FEMTFET memory cells and arrays. The
following sections outline in detail the research steps, analytical and measurement data, and iterative
procedures involved. '

3.3.1 Structure Versus Deposition and Annealing Conditions

Initially, BMF films were grown at relatively higa temperatures (400 to 600°C) in the hope of obtaining
epitaxial tfilms with the polarization axis perpendicular to the surface. Structural and coinpositional analysis
indicated that UHV deposited films possessed essentially the desired BMF stoichiometric composition at all
gr-wth temperatures lower than 650°C. Growth at temperatures above 400°C yielded mixtures of (010)
fiber-oriented and randomly oriented components. In the usual case of growth on clean (001)Si at higher
temperature, these components were accompanied (or supplanted) by epitaxial components. At temperatures
of 500°C or higher, multiple epitaxial structures were developed; these are illustrated in Figure 3-3. For
each epitaxial component the orthorhombic (011) plane of BMF lies parallel to the (G01)Si substrate plane.
The components can be generated from each other simply by a rotation of 90° about the normal to the
BMF(011) plane. The occurrence of the (010) fiber texture at lower temperature is consistent with the strong
tendency for BMF single crystals to cleave on this plane. Polarization hysteresis measurements of these
films using a mercury probe showed a very narrow hysteresis loop, with little remanent polarization. This
is consistent with the fact that the ferroelectric a-axis of these films lies parallel to the substrate surface, with
no component of polarization aligned to the applied field. For use of BMF films as a gate dielectric in
FEMFET memory structures, it is essential that at least a component of the polarization should lie normal
to the substrate. In the growth structures described above, this does not occur in the higher temperature
epitaxial deposits. No epitaxial conditions were able to be established for which the ferroelectric a-axis lies
perpendicular to the film plane. Thus, to obtain significant ferroelectric switching it appeared necessary to
utilize samples which are randomly oriented, or display only weak (010) fiber textures. Since the (010) fiber
orientation seems to be a growth texture, we believed that a more random orientation might be favored by
resorting to thermal annealing of amorphous deposits. During the course of these studies several annealing
conditions were examined, including in-situ vacuum annealing, vacuum furnace annealing, furnace annealing
in hydrogen or forming gas, and rapid thermal annealing (RTA) in forming gas. The two latter methods
were emphasized, since they were more compatible with semiconductor integrated circuit (IC) processing.

Table 3-5 shows representative data from the annealing studies. The key trends for films which were
vacuum furnace-annealed for periods of 30 to 60 minutes can be summarized as follows. Annealing at
600°C of films grown at 350°C (the highest temperature at which an amorphous growth structure was
observed) produced a weak (010) fiber texture, associated with a minor randomly oriented phase. This
random phase could be accentuated markedly (essentially eliminating the fibered component) by annealing
tilms which were grown at lower temperatures, preferably in the range of 150°C to 250°C. Thus, for films
grown at 200°C, annealing in hydrogen at 480°C reproducibly resulted in an almost perfectly random
orientation. (The electrical characteristics of both of these samples and of (010) fiber-oriented BMF tilms
are described in the following section.) The orientation changes with annealing are effectively illustrated
in the X-ray diffractometer traces in Figure 3-4. The use of higher growth temperatures invariably
produced, after annealing, a more fiber-oriented structure. This appeared to indicate that at growth
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temperatures in the range of 250°C to 350°C microcrystals with the (010) fiber orientation had already
nucleated in the deposited film. The use of lower annealing temperatures also favored a more fibered
structure. When the annealing temperature was raised slightly above 500°C, part of the randomly oriented
tilm structure was supplanted by a (011) epitaxial component. Annealing in hydrogen at temperatures above
550°C generally resulted in partial decomposition. This was recognized through the appearance of a (001)
oriented BaF, phase, evidently caused by seiective loss of MgF,.

Somewhat ditferent results were obtained for films which were RTA-processed in forming gas for much
shorter time periods (5-10 secouds). The preliminary data from this study are shown in Table 3-5.
Essentially, all films annealed under RTA conditions in the temperature range 550°C to 700°C displayed
completely random orientation of a single ferroelectric BMF phase, with no evidence of decomposition at
the higher end of the temperature range. We attribute this in part to the shorter annealing time, and also
to the far lower content of hydrogen (10% in nitrogen) in the annealing atmosphere. The RTA results have
an important bearing con the hysteresis properties of the films and on the memory retention and stability
behavior,

The composition of the BMF-Si interface was analyzed using Auger Electron Spectroscopy (AES). Auger
depth profile of a 170 nm thick BMF film grown at 350°C and subsequently vacuum-annealed at 500°C for
60 minutes is shown in Figure 3-5, where Auger signal heights of the relevant elements have been plotted
as a function of depth into the film and then to the silicon substrate through the interface. The results show
that trace amounts of carbon (C) and oxygen (O) are still present at the interface. However, their presence
does not appear to affect the electrical properties of the interface, as described in the next section. The non-
zero silicon Auger signal inside the BMF film is an artifact caused by interference effects in the Auger
window chosen for the depth profile, and should be discounted.
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TABLE 3-5; Representative data from BMF annealing studies using 150-300 nm films,
Growth Temp. Post-anneal Conditions Film Structure (X-ray)
°0)
150 - 375 None Amorphous or microcrystalline
350 Vac-anneal 1 hr each at 400, 500, 600, (011) multiple epi structure + (010)
700°C fiber tex. each case.
350 Vac-anneal 600°C, for 30 minutes | Multi-epi + more (010) fiber, or poly +
multi-epi as above.
300 Ho-anneal | hr each at
400°C Amorphous
500°C * Poly + some (011) orientation
600°C Poly + fiber-texture BaF,
700°C Only (100) fiber-texure BaF,
200 Hj-anneal | hr each at
480°C Polycrystalline
500°C Poly + some (010) fiber-tex.
550°C Preferred (010) + some poly.
200 Forming gas (N5 + 10% H,) anneal at Preferred (010) fiber texture with some
480°C, 1 hr. poly component.
150 Vac-anneal, 480°C, | hr Poly + some preferred (010)
Hy-anneal, 430°C, 1 hr Poly + some preferred (010)
150 RTA in forming gas:
550°C for 10 seconds Polycrystalline film
600°C for 10 seconds Polycrystalline film
650°C for 5 seconds Polycrystalline film
700°C for 5 seconds Polycrystalline film

* Unless otherwise indicated, phases described as "poly" or polycrystalline are randomly oriented.
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3.3.2 BMF Film Stress Versus Temperature

Two four inch silicon wafers (P-/P+ +) were prepared with BMF thin films deposited at 200°C to a
thickness of 360r.m on one and 180nm on the other. These wafers were then sent to Professor Seshu Desu
at the Virginia Polytechnic Institute (VPI), Department of Material Engineering, where they were evaluated
for stress in the BMF films. The 360nm film showed an initial tensile stress around 220MPa. Upon heating
in argon atmosphere, the stress decreased (in the direction of compression ) which indicated that the thermal
expansion coefficient of BMF is larger than that of the silicon substrate. There was a break of linearity
around 250°C and the stress leveled at around 50 MPa and remained constant on annealing for one hour at
500°C. Then the stress increased linearly during cooling down to 80°C. The final stress after annealing
was around 500 MPa. Figure 3-6 shows the stress versus temperature for the 360nm thick film. The second
sample with the 180nm BMF film showed an initial tensile stress around 170 MPa and the final stress after
annealing in hydrogen was around 420 MPa in tension. The stress-temperature piot was similar to the one
obtained on the 360nm film. The major difference was that overall stress values were lower.

After measurement, both samples were returned to Westinghouse where they were capped with S00A low
temperature oxide (LTO) at 400°C. Then both samples were sent back to VPI for stress measurements to
determine how the LTO caps affected the stress. After capping the 360nm film showed a tensile stress of
around 207 MPa. The final tensile stress, after annealing in hydrogen at VPI, was around 320 MPa. Figure
3-7, the stress-temperature plot, shows linear slopes which indicated that no noticeable transformation
occurred during heating and cooling. Increased tensile stress was observed when the sample was held at
500°C for one hour indicating continued crystallization of the BMF.

3.4 Electrical Measurements
3.4.1 Thin "Bulk" Single Crystal

A thinned single-crystal sample of BMF (cut perpendicular to the a-axis) was characterized electrically to
provide reference data for subsequent evaluation of thin films and to verify the ferroelectric polarization
results reported earlier by Eibschutz et al® who used the puise switching technique. Thinning of the single
crystal piece was achieved by first cutting (with a string saw) a flat piece of the material with the [100] axis
perpendicular to the flat surface. The surface on one side was polished with No. 3 and No. 1 diamond and
then coated with a 500 nm thick film of Ti-Pt. The sample was then mounted with blanchard epoxy, coated
surface down, at the center of a tlat ceramic piece that had a 1.6 mm-diameter hole at the center for the
purpose of making electrical contact with the Pt-coated surface. The mounted BMF single crystal piece was
next polished with No. 3 and No. | diamond for thinning. However, cracking parallel to the (010) cleavage
plane. and subsequent chipping of the single crystal piece was observed during the polishing, limiting the
lowest thickness obtained to 10 um. Initially Al, and later Cr-Au dot patterns were deposited on this foil
tor characterization. Contact with the back surface was established by dissolving the epoxy at the bottom
of the hole in the ceramic plate with acetone and contacting the Ti-Pt back coating with a thin gold wire and
silver paste.
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A hysteresis loop obtained at 2 kHz with the thinned, 10 um thick BMF (100) single crystal is shown in
Figure 3-8 together with a sketch of the morphology and orientation of the crystal. The evaporated
aluminum top electrode had a diameter of 850 um in this case. Breakdown cccurred at slightly higher
voltages. prior to saturation. The loop, although not completely saturated, shows a remarkably high degree
ot squareness (P, /P >97%) at an applied voltage of 120 Volts. This result agrees very well with the data
published by Eibschutz et al.% who measured the spontaneous polarization of BaMF4 family of fluorides by
the pulsed-field technique. Their results showed that, typically, more than 99% reversal of the spontaneous
polarization was achieved on the application of the pulsed field. The spontaneous polarization (Pg) and the
coercive field (Ec) values for the BMF single crystal were calculated from the hysteresis loop, shown in
Figure 3-8(b), and were found to be 8.5;;.C/cm2 and 95.4 kV/cm, respectively. The Pg value is somewhat
higher than the value of 7.7 uC/cm2 reported by Eibschutz et al.d for this material.

3.4.2 Thin Film Data and Analysis
3.4.2.1 Films Without Dielectric Capping Layers

The first thin film samples prepared during this portion of the program were deposited at 350°C and vacuum
furnace annealed at 600°C (cf. data in Table 3-5). The weakly oriented (010) texture developed after this
treatment is depicted in Figure 3-9, which shows the Debye-Scherrer X-ray pattern of the film (obtained
under giancing angle conditions) compared with that of a randomly oriented powder sample. Supplementary
X-ray oscillation patterns confirmed the main (010) fiber structure, and also indicated the presence of a weak
secondary (011) epitaxial component. Data for the fiber-textured structure suggested that the ferroelectric
a-axis lay approximately parallel with the Si substrate surface, with an angular spread of about +25° to
+30°.

Initial attempts to obtain hysteresis data from 200 nm thick BMF film samples, deposited at 350°C and
vacuum annealled at 600°C, often yieided only conductivity loops. However, within a few seconds after
application of somewhat higher fields (approximately 500-600 kV/cm), well-developed hysteresis loops began
to form, growing in amplitude as the applied field was increased up to the breakdown voltage of
approximately 100 V/icm. The final loop shape, just prior to breakdown, using a mercury probe test system
with an effective contact area of approximately 4.07x1073 cm2, is illustrated in Figure 3-10. Pg and E_
values calculated from this hysteresis loop were found to be 1.6 ;/.C/cm2 and 175 kV/cm, respectively. The
value of Py measured for this film sampie is significantly lower than that obtained from the single crystal
described above (i.e., 1.6 ;LC/cm2 compared to 8.5 ;LC/cmz). The coercive field of 150 kV/cm for the thin
film is rather high, but not inconsistent with the bulk crystal data (E, = 95.4 kV/cm along the terroelectric
a-axis). In part this high value can be attributed to the field values needed to switch those components of
polarization lying nearly paraliel to the substrate surface.
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Figure 3-10:

Hysteresis loop of a 200 nm thick UHV-grown BMF film on Si(100) The film was grown
at 350°C and then vacuum annealed at 600°C. Vertical scale: 1.2;LC/cm2 per large
division; horizontal scale: 250kV/cm per large division. (P, = 1.6 uC/cmz. E, =175
KV/cm)




The switching properties of polycrystalline tilms of a uniaxial ferroelectric such as BMF lend themselves
readily to simple analysis, since in constituent grains we are dealing only with 180° domain boundaries.
We can model the switched polarization vs. switching field behavior simply by assuming that for each grain,
reversal of Pg occurs when the field component Eg parallel to its a-axis attains a value exceeding that needed
to switch a single crystal sample (cf. Figure 3-8), as depicted in the sketch of Figure 3-11. When the
threshold switching field is assumed about 95.4 kV/cm. (based upon the results in Figure 3-8) and the
polarization axes in a tiber-textured sample ars uniformly distributed within the angular range measured by
X-ray techniques, a simple integration procedure over that range can be used to plot the calculated value of
switched polarization against the actual applied field E¢/sinoc. Typical plots are shown in Figure 3-12 for
the tiber-textured sample measured here and also for a randomly oriented sample. It we further assume that
the switching tields required tor the fibered film sample are actually a factor of two higher than thosc derived
from bulk single-crystal data, an excellent match is achieved in Figure 3-12 between the calculated and
experimental results.

As expected from the structural evaluation described above, much higher values of switched polarization
were obtained from more randomly oriented BMF film samples produced by aliernate annealing conditions
shown in Table 3-5. Figure 3-13 shows, for example, a family of hysteresis loops from 2 film comprising
mainly randomly oriented material with a weak (010) fiber-textured second phase. At an applied field
amplitude approaching 1,000 kV/cm, the estimated value of Py switched was about 3.6 p.C/sz. As
indicated by comparing Figures 3-10 and 3-13, the squareness ratios for these higher Py films was also
higher, attaining typical vaiues of 93%. For more recent film samples comprising almost entirely randomly
oriented BMF crystallites, the value of P, neasured has been as high as 4.55 uC/cmz. This is in excellent
agreement with the value of 5.25 uC/cmi calculated for a randomly oriented film structure (see upper plot
of Figure 3-12). However, most films broke down well before these values of P, were attained.

Dielectric permittivity and dissipation factor were measured for a fiber-textured film grown on silicon, and
are plotted for the frequency range of 5 to 500 kHz in Figure 3-14. The permittivity displays some variation
with frequency, falling from a value of 9 at 5 kHz to 8.4 at 500 kHz. This compares rather closely with
the average value of 10 reported by DiDomenico et al.7 for bulk single crystals, which were also found to
show dispersive permittivity at lower frequencies. This low value of permittivity, compared with those
typical of oxide ferroelectric materials, provides a significant advantage (factor of 10 or better) in refation
to the figure of merit expression uswl by Scott et al.12

In the early stages of this program re ults on thermally annealed films were somewhat erratic, and in many
cases premature breakdown was observed, probably by grain-boundary conduction at cracks generated by
the high temperatures used in annealing. C-V measurements were successfully attempted on multiple-
epitaxial BMF films grown at 550°C on standard 4-inch diameter VIASIC CMCS Si(100) wafers (8-10 um
of 4-8 Q-cm epi Si on 0.005-0.02 Q-cm silicon substrate). A typical C-V plot, obtained from a 200 nm thick
tilm, using a mercury probe is illustrated in Figure 3-15. The C-V curve exhibits many features of the
expected ideal behavior!4 of ferroelectric films on silicon for use in nondestructive readout (NDRO)
nonvolatile memory devices. The most prominent attribute is the 14 Volt threshold shift (generally called
the "memory window") in response to the +20 V programming voltage. The C-V hysteresis loop was
scanned at a rate of 75 mV/sec at room temperature, with a clockwise trace indicated by the arrows. The
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clockwise direction oi the C-V loop is indicative of polarization charge reversal inside the ferroelectric layer,
rather than by tunrel injection of carriers from the silicon into the ferroelectric.
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Figure 3-11:  Calculation Approach: Using Value of Switching Field (Derived from Bulk or Epi Data).
Polarization Component "B - dg" Plotted Against Applied Field "E¢/Sin "

29




2,

Switched Polarization ( uC/cm

T T ] ] ] | | 1 |
Random -
| Oriented
/ P g £ ! _
| Py e
| 30°
_1

\

-
-
(*]

-0

0
~
e -
— % — 6 Experimental
o/
{ ?// 1 L1 | I | l

Figure 3-12:

g 10 12 14 16 18 20 2 24 26

Switching Field, V

Polarization Switching Curves for BMF Films (2000 A)
Calculated From Single-Crystal Hysteresis Data.

30

e —




ASPY PUODAS 2IMIXA | -33q1 (0]() yRAM pUR UOBEIDLIG wopuey Ajutepy yum wi] JNg 104

It

sdooT sisasaishy jo Apwegy  cgp-¢ andiyg

D+ 366’ <Ag-

0T+3E€9E"6 = hy | 0ZHEQNBHRT 14 ! SJuauMDg

e LT VA A L N I R

mc-mmmmm.m.m I- [00E= S3df 006'6T = XBw Q2’0 = (mworyg) £0-320"F = (W)Ealy

30-J9608 ) - E9-15-34 ToTuveS
HINESIE 1

TN

ShEB'0  =(4U))

UE'D = g

BT = w0

By | —

We'y =y T S —

35[Nd PaJESURLKOY Y

1 A W o AR T

50T = a3 R U " S

R 000'C = mpy

688'2 = dgt T ZW/N )

BS9'E = gt apoy punoa [enpuy s15a.3)siy
SIS | YEIET T661/92/8 (EER, A ME




3 'JUBISUO) I14P5(31]

ct

UOI[IS UQ UMOID WL JINE PIIMIXI[-1q1 10§ 10108, uonedissiq pue AnAnNwiIag MNaPIG  pf-¢ 2ndiyg

(ZHY ) Aouanbauy
00s . oov 00¢ 002 001 0
08 | T T i €00

s0°0

070

600

o

€1o

6 HSL0

V6 Lo

61°0

| l | i

V- 95985, 2AJ4n)

g ‘'4opeq uonedissiqg




& B o e w g R - aEm o» = ws = =m B S = =

Figure 3-15:

Curve 758649-A

1 S —
3 -
'3 - pa g g
B
S
£ .5 ‘
=
S 1
§. \ % G
7]
-26 , e 20

Voltage (V)

C-V Hysteresis Loop of 200nm BMF Film on Si(100). Threshold Voltage Shift of 14V.
(Memory Window) from +20 Volt Programming.

33




It should be pointed out that the evidence of terroelectric switching, and the associated large memory window
shown in the C-V plot of Figure 3-15, appear to be anomalous in view of the multiple epitaxial orientation
of this film. This orientation would indicate that essentially no component of the ferroelectric polarization
lies perpendicular to the film surtace. However, the value of the voltage threshold shift in fact suggests that
a polarization at least of magnitude 0.2 ;LC/cm2 is being switched. This may be accounted for by regions
of the filn: which are impertectly epitaxially oriented, (= +30° out of the plane of the film) as illustrated

in Figure 3-12.
3.422 Films With Diejectric Capping Layers

In the case of BMF films, the experimental results developed during this part of the program convincingly
demonstrated the need to incorporate high-quality capping layers for several reasons. Ideally, we would seek
to avoid the use of such layers, since they require higher programming voltages. However, the high
temperatures used for some steps in IC processing, coupled with the extreme sensitivity of devices to
impurities, mandated that the processes themselves should be protected from decomposition products possibly
emitted from the fluoride films. The capping layer provides better memory gate adhesion and facilitates
memory-gate stack photoengraving. Also, as discussed later, we strongly suspect that the tendency for many
fluoride films to display high electrical leakage arises from thermal cracking of the film (and subsequent
upper electrode penetration), resulting from the large differential expansion relative to the silicon substrate.
To reduce these problems, a low-temperature CVD SiO, capping layer was applied to the fluoride film prior
to further device processing steps. (Actually, the method of application chosen may introduce other
unwanted degradation effects, and we return to discussion of this aspect later.) Several techniques were
explored for deposition of SiO, capping layers on BMF films (on silicon) after they had been annealed at
various temperatures. Most of the data were taken on films which had been furnace-annealed in hydrogen
at 480°C. The capping growth techniques included rf-sputtering, plasma-enhanced CVD, remote-plasma
CVD, e-beam evaporation, and low temperature CVD. The capping film results obtained by the first three
methods invariably exhibited high electrical leakage. The SiO; layers produced by LPCVD (decomposition
of silane and water vapor at about 400°C) were generally of excelient quality, displaying breakdown voltages
in the range of 107 Viem. Application of 50 nm LPCVD capping layers to 250 nm BMF layers, usually
enabled test voltages up to 90 Voits to be applied to the resuiting structure before breakdown occurred. Our
previous observations of high leakage in uncapped films suggest that the cap in this situation is sustaining
a field of at least 107 V/cm. Little or no polarization can be switched in uncapped films before breakdown
oceurs, and this usually happens at rather low voitages. In the case of capped films, typically a hysteresis
loop began to form and opened as the voltage exceeded 30 V. When 90 V was reached a well-developed
loop was recorded (Figure 3-16) indicating a Pg value of about 5 uC/cmz, P.=35 uC/cmz, andE. = 4
V (1760 KV/cm). Note that P ir the RT-66 nomenclature of Figure 3-16 stands for saturation polarization,
whereas in this text, we have uscd P to denote spontaneous polarization. The actual voltage across the
tluoride close to breakdown . an be estimated from thz capacitances of the oxide and fluoride layers. The
fact that C,/Cp = 2/1 indicates that two thirds of the applied voltage (i.e. about 60 V) is across the
fluoride, and that the true value of E, ¢h uld be about 1060 KV/cm. The voltage sustained by the fluoride
in the capped structure is apparently more than twice as great as the voltage causing breakdown in the
uncapped structure,
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Figure 3-17:  Suggested Structure and Equivalent Circuit for Capped BMF Layers,
Showing Effect of Oxide Cap in Sealing Cracks in the Fluoride Film,

The dramatic change in behavior atter application of the cap leads us to suggest a structure and equivalent
circuit model of the type shown in Figure 3-17. We propose that intergranular leakage is blocked by the
high-quality oxide cap layer which penetrates into and seals the cracks. For the 90 V applied voltage
indicated in Figure 3-16, the 50 nm intergranular oxide cap would be sustaining a field of about 2 X 10

V/em. The field in the oxide cap overlying the fluoride would be about one third of this value. Itis obvious
from these data. that the tluoride layer, at least in uncracked regions. must be capable of withstanding
etfective fields high enough to allow ferroelectric switching; otherwise the loop results depicted in Figure
3-16 could not have been obtained. Capped BMF films with Aluminum dot top electrodes exhibited C-v
memory windows that often exceeded the programming voltage. A typical example is shown in Figure 3-18.
where the test structure cross-section on a gridded silicon wafer is shown on the left hand side. Notice the
21 V memory window obtained with 16 V programming. This film was grown at 200°C and then annealed
in forming gas at 480°C for 60 minutes. A ferroelectric hysteresis plot obtained with the same sample at
30 Hz using our moditied Sawyer-Tower bridge is shown at the bottom right hand side ot Figure 3-18.
Ferroelectric switching speed of this film (with the same test structure) was measured at Penn State
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University by Prof. Krupanidhi. The experimental set up was identical to the one used by Larsen et al.15
for the measurement of ferroelectric switching speed of PZT films. The results skown in Figure 3-19
(ditference curve of the voitage transients between a switching pulse followed immediately by a non-
switching pulse) indicate that the ferroelectric polarization reversal time for the BMF film was in the range
of 40 to 45 nanoseconds. Thus the BMF films treated in the manner described above do possess the required
fast switching speed for FEMFET application.

Fatigue measurements were also performed on BMF films using a RT-66A test system. Typical
endurance/fatigue test results (obtained with the same BMF film and test structure for which the C-V,
hysteresis, and switching speed results were shown in Figures 3-19 and 3-20) showed only a 22% reduction
in the remanent polarization (P*r) after 2.9X 109 switching cycles at 60 V, as shown in Figure 3-20 (limited
by continuous test-equipment use-time). Retention experiments performed on the same film with the same
test structure using the RT-66A test system showed no measurable loss of remanent polarization after
4.4X10° seconds. Since significant loss of retention was observed with BMF films in the transistor
configuration (described in detail in Section 3.7), the retention experiments were repeated with a BMF film
(with a 13.5 nm thermal §iO, buffer between the BMF and the Si substrate) that was grown at 200°C and
then annealed in forming gas for 60 minutes. The film was capped with LPCVD SiO, and Al-dot patterned
at ATL, where it exhibited excellent C-V characteristics, but poor retention in the transistor configuration,
because of the threshold drift after programming. With the RT-66A system, the same test structure exhibited
a good ferroelectric hysteresis loop at 80 V, as shown in Figure 3-21. Retention experiments were
performed for a cumulative 8.6x10° seconds, first with V,,.=-80V, V_ 4=80V (Figure 3-22), and then with
Vwr =80V, V. 4=80V (Figure 3-23). The difference plot is shown in Figure 3-24. The hysteresis loop
following the completion of the retention experiment is shown in Figure 3-25. It is clear from Figure 3-24,
that the +/+ "Null" difference is stable during this period; but the -/+ Remanent polarization decays,
eventually even through "Zero".

It is evident from the hysteresis results shown in Figure 3-16 and from the circuit model in Figure 3-17, that
the memory windows observed for these capped films are being produced by very small actual values of
switched polarization (since the etfective voltage across the fluoride film is probably less than 12 to 14 V).
Under such conditions, at these small charge levels, reverse switching could readily occur under the
influence of internal fields generated by stress effects. Studies made on our BMF films by Prof. Seshu Desu
and his group at Virginia Polytechnic Institute and State University have revealed that such high stresses are
indeed present after heat treatments of the type used for our samples (see Figures 3-6 and 3-7). Although
drawing further conclusions concerning long-term retention of charge at the semiconductor/BMF film
interface from the above experiments is ditficult, it may be possible to reduce both intergranular and intrinsic
leakage by changing the procedure used for thermal crystallization of the BMF films, and perhaps by
modifying the process for applying capping layers.
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Figure 3-19:  Pulsed Polarization Reversal Switching in BMF Thin Film
(measured by Professor Krupanidhi, Penn State University)
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3.5 8K FERRAM Test Vehicle

An 8K FERRAM Test Vehicle was created for evaluation of FEMFET baseline process integrity. This test
vehicle was created by modifying an existing 4 um test vehicle from a Westinghouse/Sandia National
Laboratories 8K EEPROM program. This program employed a SONOS (Silicon Qxide Nitride Qxide
Semiconductor) nonvolatile memory transistor approach. The Westinghouse FEMFET baseline process was
designed to be compatible with this SONOS technology.

A detailed description of the 8K FERRAM Test Vehicle is included in Appendix C. Included in this
description are:

- Mask design rules

- FEMFET cross section

- Mask polarity information

- Mask alignment sequence/tolerances

- Wafer map

- Test structure description/probe pad information

- Plots of test structures

1X projection print photolithography was used for the FEMFET process. This allowed multiple devices to
be placed on each FEMFET water. The 8K FERRAM Test Vehicle maskset was comprised of the following
devices:

Device # per wafer

- 8K FERRAM EEPROM - 62
- WEC Process Test Pattern 56
- SNL Process Test Pattern 56
- SNL Self Stress Test Pattern _6
Total die = 180

This maskset featured a full complement of test structures for evaluation of the process integrity of the
FEMFET process. These test structures addressed such issues as performance, reliability, producibility,
radiation hardness, and uniformity of the baseline technology. The key test structures were:

- CMOS transistors of varying widths and lengths

- FEMFET transistors of varying widths and lengths

- Gated diodes

- Metal contact structures

- Sheet resistivity test structures

- Field parasitic MOSFETs

- Area capacitors

- SCR test structures

The 8K FERRAM was designed using a four transistor memory cell. Each memory cell has two FEMFET
memory transistors and two NMOS access transistors. The dual memory transistor approach results in a
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much more robust design and is commonly used in military nonvolatile memory applications. Dit¥erential
sense amplifiers are used which can detect differences in memory transistor threshold voltages as small as
50 mV. Figure 3-26 shows a plot of the FERRAM memory cell. This cell has dimensions of 40 um x 60
um. Design rules were selected to maximize the producibility of the FEMFET. The general approach
selected was to make design rules as conservative as possible to allow for flexibility in processing. This
approach allowed a wider tolerance for wet versus dry chemistry processing. The resulting memory cell
could then be used as a demonstration vehicle for a wide range of ferroelectric materials. The plan for this
phase of the program was to demonstrate a FEMFET process suitable for military nonvolatile memory
applications. Upon successful completion of this task, design rules would be evolved to allow for high
density memories in the future.

Based on a detailed process review, the following changes to the original 4 um memory cell were instituted

which should result in signiticant improvements in producibility and memory transistor drain breakdown.

These changes were:
1. Memory gate metal overlaps all ferroelectric material to allow_the baseline VHSIC metal etch
to_be done. By overlapping the ferroelectric memory gate over the ferroelectric stack. the
terroelectric should be completely shielded from attack during the baseline M1 etch. This should
avoid some ot the more complicated approaches considered for this step. The ferroelectric removal
mask overlaps memory window by 2.7 um (0.5 um single misalignment tolerance. 1.0 pm MW
etch, 0.25 um ferroelectric stack etch, plus 0.95 um safety - 2.7 um). [This was achieved by
reducing the MW overlap of N- extender from 1.7 um to 1.0 um.] This is needed to ensure that
no bare silicon exists inside memory window when memory gate is deposited. In order to guarantee
that memory gate (M1) overlaps the ferroelectric stack, a design rule of 1.9 pm was selected for M1
overlap of the stack (0 um for ferroelectric stack etch, 1.0 um for 4 misalignment tolerances. plus
0.9 um safety - 1.9 pm). This results in a minimum M1 spacing of 2.0 um in the memory array.
which is approved for projection printing at ATL.

2. N-_extender overlaps N+ extender in all directions to increase memory transistor drain
breakdown from roughly 17V to 22-24V. This should allow the FEMFETS to be characterized at
20V. The ferroelectric memory transistors were modified so that the N- extender overlaps the N+
source-drain in all directions by 2.0 um. (For the Sandia 4 um design. it presently only overlaps
the N+ in the channel region.) This will eliminate breakdown problems associated with the edge
of the N+ drains. This change increases the FEMFET effective width from 8.0 to 12.0 um. This
also reduces the N- to P+ guardband space from 8.0 to 6.0 um.

3.6  BMF FEMFET Baseline Process Description

Wafer fabrication on this program used short-loop gridded wafers for ferroelectric capacitor fabrication and
fully processed device wafers for FEMFET fabrication. During this program phase, 150 gridded wafers and
18 device wafers were completed. In addition, 37 device wafers were processed up to FEMFET formation
and were held pending results from gridded wafer tests.

Gridded wafers consisted of P on P+ starting wafers with an orthogonal grid of 6 um wide N+ diffusions
at 100 um spacing. These N+ grids provide a source of minority carriers during electrical testing and result
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in more accurate evaluation of ferroelectric film properties. The gridded wafers were used as an effective
tool for evaluating suitability of various ferroelectric films for FEMFET fabrication. Ferroelectric dielectrics
were first deposited on these gridded wafers for capacitance-voltage (CV) electrical evaluation. These
measurements provided a rapid assessment of important ferroelectric properties such as memory window
size, position, endurance and retention. Typical throughput time for these wafers was about 1-2 weeks. This
allowed for rapid optimization of various deposition parameters such as:

thickness, anneal temperature, and deposition ambient.

Upon successtul completion of gridded CV tests, ferroelectric films were selected for use on fully processed
device wafers. These device wafers were processed with a 4 um dual well CMOS process developed for
Sandia Narional Laboratories for their SONOS 8K EEPROM fabrication. The design rules for that
EEPROM formed the basis of the design rules for the 6083 8K FERRAM test vehicle and are given in Table
3-6. The Sandia EEPROM SONOS process was modified such that the FEMFET transistor would replace
the SONOS memory transistor in this design. A baseline process was selected at the beginning of the
program with the following objectives:

- minimization of high temperature operations

- processes compatible with VLSI double metal processing

- processes must not risk fab line contamination

- design rules compatible with dry or wet chemistry

The FEMFET baseline process cross section and process flow are shown in Figure 3-27 and Table 3-7. The
ferroelectric memory transistor steps are highlighted in bold text. The key process elements for FEMFET
transistor fabrication involved:

- memory window formation

- ferroelectric deposition and etch

- memory gate deposition and etch

The FEMFET processing was incorporated as the last processing steps prior to first metallization in order
to minimize the number of high temperature cycies to which the ferroelectric material was exposed. The
FERRAM process adds two additional masks to a conventional CMOS process in order to define FEMFET
memory transistors. Since two additional masks are also required to make SONOS devices, both
technologies require 16 masks.
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TABLE 3-6:  Design Rules for the 6083 8K NDRO FERRAM ICAL Test Vehicle '
Level Design Rule I
# Name ‘ Feature / Item Value. um
7 N- + Overlap of memory gate/M1 > 0.7 '
+ Minimum space (channel length) > 2.6
8 N+ + Space to MG/M1 > 1 l
10 Contact + Minimum contact 3x 3(2.5x 2.5 on Mask)
+ Space to memory window > 4 I
11 Memory Window + Overlap of MG/M1 > 1
12| Ferroelectric Removal T Overlap of M W > 2 l
13 | Memory Gate/M1 (MG/M1) +Minimum width 4 (5.6 on mask)
+ Minimum space 4 (2.4 on Mask) l
+ Overlap of Contact 0.5 (1.55 on Mask)
14 Via T Minimum via 3% 3 (2.5 x 2.5 on Mask) l
15 M2 + Minimum width 4 (5.6 on mask)
+ Minimum space 4 (2.4 on mask) l
+ QOveriap of via 0.5 (1.55 on masks)
| B
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Figure 3-27:  Westinghouse FEMFET Process Cross Section.
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' A series of unit process development experiments were conducted to optimize the processes selected for
FEMFET fabrication. A memory window process was identified which allowed this window to be reflowed
I along with the normal contact window reflow. This approach resulted in near ideal contour of the FEMFET
memory window, eliminating any subsequent concerns about metal step coverage.
l Figure 3-28 is a SEM of reflowed memory window and shows that the process provides a smooth profile
for good metal step coverage. Figure 3-29 is a SEM of a BMF FEMFET after first metal definition. With
l a baseline process established, ferroelectric FEMFET memory transistors were successtully demonstrated
on BMF ferroelectric films. The next section will disucss the electrical measurements on these devices.
I TABLE 3-7: FEMFET Baseline Process
Flow
F:S:tc:p:l: A;: Fabrication Proccss I:ét;:p:l: er_ Fabrication Process ;
bemdoo g Wafer issue ir 42 _ + Phos. implant 1
I“"z"" + Laser oxide . Resist strip 4
}____3__# Laser # —'%--4-4--%' N+ photo (8) 4
*____4__+ Strip oxide +___4_5__+ Phos. implant 1
l""'é"'JF Pad oxide + _4_6__+ Reaist strip 4
*___2__+ Alignment photo (0) +__4_7__+ P+ photo (9) 4
'___Z__J Oxide/silicon ctch .48 Boron implant 1
Lot H Strip oxide _1__19___1 Resiat strip 1
hee S _ 1 Pdoxde +__5_o__i Reoxidation 4
bl N-well photo (1) L__S_l___:L Nitride dep. 4
T Phos. implant 1.5 + BPSG dep. ———d
l R Resiat strip _1__5_3__ M Densification 4
N ¢: P-well photo (2) +__§_4__ l Contact photo (10) 4
l___l_4___,_ Baron izaplant L 5_5___,_ Coutact eich 4
l___I_S__ : Resist strip 1"_.16__1 Memory window photo (11) 4
16 Oxide atrip L 5T 4 BPSG cich
feaem- +owo= ; fmm e } -
*___1_7___‘_____ P/N-well drive ____+__5_8___L Reflow _‘
LI Oxide strip - Oxide etch: 4
}___1_9__T Pad oxide I__-_-_,_I (H2 anneal omitted) 1
'___2_0__; N-guard band photo (3) 1.8 4 Platinum dep. 4
2 Phos. implant I Silicide anneal (Coatacts silicide, MW not silicided)
bee=-- -+ ————fee e -+ i 4
b2 Reaiat atrip 162 _ 4 Platinum strip 1
I l---2-3--+' P-guard band photo (4) l 8 _1 Memory window photo (11) 1
b2 Boron Implant L Nitride/oxide etch i
l____.2_5__1 Strip resiat L_t6s_ | Ferroeloctric removal photo (12) 1
F__z_a___Ir Strip oxide 1__'_62 _1 LTO dep. 4
l ’___2_7__ \ Pad oxide +_:_61_ n - Ferroelectric removal photo (12) 4
l___g_s__l Nitride dep. Y 4 Ferroelectric etch 4
‘___2_9__1 Device window photo (3) +__¢_5.9_._ r First metal dep. (TIW/ALTI) ——
T Nitride/oxide etch 0 M1 photo (13)
I fossem +-— = Attt o e e e e 4
31 Field oxidation 71 Ml eh
F---J-z--+-—-- - +--=-- Fommmmm e —wmmmm e -— 4
Nitrndc/oxxde 72 Sunter
l---3-3-—+ -------- o +--=-- +-ee- - - 4
| [T, + ac. oxide +__7_3__+ BSQ dep. S
|___3_4__+ ____________ Oxide srip_ ____+__‘14__+____ Via photo (14) _ 4
- (SNOS ateps omitted) 75 Sloped via eich
b e et +eesa- 4= Shviummme et L LR EEEL P L EEs 4
'___3_5_,__L Gate oxsde +__16__ i M2 dep. (TVAD) 4
L) M Poly dep. 7 M2 photo (15)
----- +--=- 4=+t - e Lt
37 Poly dope 78 M2 elch
F--;a--— + o +--==- +---- ———— - -- 4
[T + oly photo (6) +__7_9__+____ Overcomtdep. 4
39 Poly etch 80 QOvercont photo (16)
b +--=- : e bk L + e 4
}____4_0__+ Pul oxide +__§_l__+____ Ovcn:oatsl_c_ll ___________ 4
H }.__il___L N-extender photo (7) 4 82 Sinter 4
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3.7 BMF-FEMFET Electrical Testing

Process optimization for such parameters as buffer oxide thickness, ferroelectric film thickness/growth
ambient, capping oxide, fiim anneal, and meial composition/thickness was performed on short-loop gridded
capacitors. Upon successtul demonstration of ferroelectric CV behavior, FEMFET memory transistors were
fabricated. This section will discuss the key electrical test results from the BMF FEMFETs that were
produced. A total of 14 device wafers were probessed. Table 3-8 summarizes the key parameters evaluated
on these device wafers. Most wafers were processed through first metal sinter. However, some wafers were
processed through the entire double metal process and final passivation to evaiuate the impact of the entire
process on ferroelectric electrical properties.

TABLE 3-8: Process variables for BMF FEMFET device

wafers

Wafer Id. | Deposition # | Silicide Barrier Thickness | Capping Layer | Top Electrode
7620-6 102 Yes Notie 2kA 500A LTO |Ti/Al/TiW
7620-5 103 Yes None 2kA 500A LTO |Ti/Al/TiW
7620-2 104 Yes None 2kA 500A LTO |Ti/Al/TiW
7620-3 105 Yes None 2kA 500A LTO | Ti/Al/TiW
7806-1 131 Yes None 2.5kA S00A LTO | Ti/Al/TiW
7806-2 132 Yes None 2.5kA 500A LTO | Ti/Al/TiW
7806-3 133 Yes None 2.5kA S00ALTO |[Ti/Al/TiW
7806-4 134 Yes None 2.5kA 500A LTO |Ti/Al/TiW
7806-5 135 Yes None 2.5kA 500A LTO | Ti / AL/ TiW
7806-6 143 Yes None 2.5kA S00A LTO | Ti/Al/TiW
7786-1 147 Yes None 2.8kA 500A LTO |Ti/Al/TiW
7786-4 148 Yes None 2.8kA 500A LTO
7786-5 149 No None 2.8kA 500A LTO |Ti/Al/7TiW
7786-6 170 No 133A ThrmiOx 3kA 500A LTO

To electrically characterize the FEMFETs, it was decided that the best approach would be to use
conventional log drain current (IDS) versus gate voltage (VGS) I-V curves. By plotting log of drain current,
OFF state FEMFET leakage can be seen with picoampere accuracy. The threshold voltage and peak ON
current are also easily seen on these plots. FEMFETs were tested by performing a series of DC gate voltage
sweeps for + 5, +10, +£20, and +40 V. Typical sweep rate was approximately 2 Volts per second.
Multiple sweeps were generally performed to assess such issues as threshold voltage versus maximum
programming voltage, threshold voltage repeatability, and voltage polarity effects. An HP Model 4145B

Semiconductor Parameter Analyzer (SPA) for these measurements.
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Retention measurements were performed by programming FEMFETs with gate voltages between 10 and 40
Volts for 10 seconds. FEMFETs were then monitored for drain current for 0 volt gate bias (VDS = 1 to
5V). This bias replicates the bias that wouk! be seen in an EEPROM application and allows data to be
retrieved nondestructively.

Characterization of the BMF FEMFET devices involved establishing test procedures for these memory
transistors. Procedures similar to those used for SONOS nonvolatile memory transistors were used as a
starting point. However, it was determined that the ferroelectric films were more prone to deprogramming
at low gate biases and extra precautions had to be taken to get valid electrical results. The key lessons
learned on BMF FEMFETs were as follows:
1. BMF thicknesses below 2.5 kA gave minimal ferroelectric response when first metal was
deposited over it.
2. BMF could be successfully grown without a buffer oxide under the BMF with no evidence of
SONOS-like charge tunnelling.
3. Most BMF wafers processed had ferroelectric electrical behavior with memory windows typically
varying from 1-2 V for 5V programming to 5-20V with 40V programming.
4, Some geometry dependence was observed - "encapsulated” ferroelectric structure tended to have
a smaller but more repeatable memory window.
5. Many nornfunctional FEMFETs tended to be stuck in a large negative threshold voltage state,
indicating positive ferroelectric polarization at the silicon-FE interface
6. BMF films evaluated had typical memory retention times on the order of I to 5 hours.
Source follower configuration retention measurements indicated .this approach gave no
improvement in FEMFET retention.

~3

Initial BMF FEMFET device wafers showed no ferroelectric response despite very positive resuits from
gridded CV wafers. Further investigation of this issue indicated that the gridded tast wafers used a thinner
metallization layer than that used for the FEMFET device wafers. It was postulated that stress related effects
were causing this loss in ferroelectric response. Gridded CV wafers were then fabricated which confirmed
this theory. Increasing the BMF film to 2.5 kA was shown to give ferroelectric electrical characteristics on
both gridded and device wafers with the baseline first metal process.

Some examples of BMF FEMFET I-V characteristics from one of the first device wafers is shown in Figu:.»
3-30. Note that when gate voltage is ramped from positive to negative voltage, the transistoi chreshold ‘1ax
to be pushed negatively (toward depletion mode operation). Conversely, ramping gate voltage from =2guive
to positive voltage shifts transistor thresholds positively (towards enhancement mode operation). These shifts
are opposite in direction to what is seen for SONOS memory devices which rely on charge trayping for
memory operation. The opposite nature of these shifts confirmed that ferroelectric oper.tict was being
observed in these BMF FEMFETs.

One observation from initial BMF FEMFET device wafers was that encapsulating the ferroelectric with
metallization tended to give a smaller ferroelectric memory window than what was being seen on gridded
CV wafers. This was also seen when measuring FEMFETs designed to minimize encapsulation by
metallization. Figures 3-31 and 3-32 show that an encapsulated FEMFET from 7806-3 and 78064 had about
¢ 2-6V memory window with 20V programming, compared to a 10V window for a FEMFET without
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encapsulation. It was presumed that this was a stress related effect, Since EEPROM sense amplitier
circuitry can detect memory windows as low as 100 mV, it was decided that this memory window size would
be adequate for demonstration of a FERRAM memory.

To further evaluate stress related issues and the impact of double metal processing on FEMFET
characteristics, device wafers were processed through the Westinghouse double metal process with final
overcoat passivation and sinter. Figures 3-33 and 3-34 show typical characteristics from encapsulated and
unencapsulated FEMFETs. While some degradation in memory window size was observed after overcoat,
in general, this degradation was minimal. Typical memory window sizes for 20V programming were 2
for encapsulated FEMFETs and 8-12V for unencapsulated FEMFETs. From a reliability and
manufacturability standpoint, it was decided that the preferred FEMFET approach would be the encapsulated
design approach. This approach was employed in the 8K FERRAM, and it was decided to focus all
subsequent FEMFET characterization on these encapsulated FEMFETs.

Initial attempts to measure BMF FEMFET retention indicated retention times of under 10 minutes.
However, this initial problem was traced to a test set-up problem. It was determined that the original test
set-up used unshielded cabling, and it was suspected that electrical noise was interfering with the BMF
FEMFET retention measurements. This problem was resolved by transferring to a test stand with coaxially
shielded cables.

Tu verify validity ot the FEMFYL"Y ~etvs» ion measurements, Westinghouse SONOS transistors were measured
nsing the proposed FEMFET retention tests. Figure 3-35 shows the resulting SONOS drain current retention
data. For retention the drain current with OV gate bias and 5V drain bias was monitored versus time. Note
that excellent retention was observed, with minimal change in drain current after 4000 seconds. Also note
that this memory device had 4 4V memory window with a 10V program voltage. These measurements
confirmed that these retention measurement techniques were valid for memory transistors.

A series of measurements were then performed to quantify the retention characteristics of the BMF
FEMFETs. In general, all of these evaluations indicated that the BMF FEMFETs that were fabricated had
retention, with typical times of 1 to 5 hours. These results are summarized in Figures 3-36 through 3-40.
These figures show various techniques which were evaluated in an effort to improve retention results. These
techniques included source-follower transistor configuration, strobing of FEMFET drain current, and
alternate gate biasing. None of these approaches gave improvements in retention.
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Figure 3-30:
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Figure 3-36:  BMF FEMFETs Indicate Less Than | Hour Retention With
Standard Grounded Gate Configuration.
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3.7.1 ‘Thickness Eftfect on the Memory Window

Capacitance - Voltage (CV) measurements of memory windows showed that a difference existed on window
size between mercury probe and aluminum capacitor dot measurements on the same wafer. Also that the
ratio of (mercury probe window to aluminum dot window) varied with the thickness of the BMF film
between different waters. This effect was initially noted on a gridded test water which has a 10nm butfer
thermal oxide - 100nm BMF layer - 50nm low temperature oxide (LTO) Cap. Mercury probe C-V
measurements showed a memory window of several volts for a +£10V sweep. Then atter aluminum dots
were evaporated through a shadow mask on top of the capping layer the C-V measurement showed that the
memory window was gone. Another water sample with a BMF thickness ot 200nm was C-V evaluated.
This time a reduced but measurable aluminum dot memory window was observed compared to the mercury
probe value. These results point to the fact that all ferroelectric materials are also piezoelectric. Therefore
a strain induced in a ferroelectric thin film will translate into an electrical etfect. For sufficiently thin layers
of BMF, i.e. 100 nm, the strain produced by the aluminum dot was sufficient to suppress the memory
window. As the ferroelectric layer was increased in thickness, the interfacial strain was relaxed in the
internal volume and the ferroelectric memory window was restored to varying degrees depending on the
thickness of the BMF thin film. To quantify memory window size to thickness of BMF, the ratio of mercury
probe window to aluminum dot window was plotted for a number of BMF wafer samples with different
ferroelectric thickness as shown in Figure 3-41. This data indicated that a minimum BMF thickness of about
283nm was required to obtain a memory window that was minimally reduced in magnitude for an aluminum
dot compared to a mercury probe which does not apply mechanical stress to the structure.

Subsequently to the above study of BMF thickness/memory window relationship, a paper [17] appeared in
“Physical Review Letters", which reported on strain relaxation by domain formation in epitaxial ferroelectric
thin films. This paper showed that for film thickness greater than 250nm the interfacial strain is relieved.
These results appear to agree and support our limited test results discussed above.

The induced strain effect on the memory window clearly indicates that it is a factor that needs to be
considered in the desig. of nonvolatile memory transistors. Thickness of the ferroelectric film, structure
geometry and fabrication process that minimize the strain in the thin memory film all need to be addressed.
Choice of a material that would provide good ferroelectric properties and at the same time have a minimal
piezoelectric response may be another option.
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.4.0 - DISCUSSION OF BMF RESULTS AND CONCLUSIONS

The pﬁmary objective of this partion of the program was to develop a high-performance ferroelectric BMF
gate dielectric for a FEMFET-FERRAM array, which would offer large memory-window characteristics
under low address voltage conditions, with good storage stability. The first two criteria have essentially been
met, using BMF films grown at low temperatures on silicon ~nd annealed at elevated temperatures to
promote crystaliization of the ferroelectric phase. However, although film structures capable of displaying
relatively large switched polarization were produced, memory performance fell significantly short of the
expected goals because of poor retention characteristics.

High vacuum deposition parameters were established that provided good quality BMF films that showed
memory windows as large or larger than the write voltage. Stress effects on the ferroelectric properties of
BMF films were suggested for ultra-thin BMF films, with a minimum thickness of about 200 nm needed tc
retain ferroelectric response. A number of test transistors were fabricated with a BMF gate dielectric that
showed good transistor curves; however, the retention time was on the order of one to five hours. Further
retention and temperature-bias- stress evaluations indicated that mobile charges were a cignificant factor in
producing a fast decay rate of the memory window. On the other hand the measurements on BMF fiims
using the RT-66A test system showed that the ferroelectric spontaneous polarization, Ps, diminished only
slightly under endurance cycling.

Ionic conductivity is alsc a problem with BMF as operating temperature is increased above 25°C. Group
I fluorides (Mng, CaF,, SrF,, and Ban) are known to be ionic conductors, exhibiting conductive
behavior at higher temperatures. The only information available on the ionic conductivity of BMF is that
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published by DiDomenico et al’, who stated that BaMF 4 single crystals exhibit a low frequancy (1 kHz)
conductivity along a, b, and ¢ axes which increases approximately expornentially on heating toward the
melting point. Numerical data were not provided for BMF in reference 7. Fielder®, who performed detailed
measurements of ionic conductivity in solid barium fluoride single crystals, observed conductive behavior
from about 160°C to 890°C in that materiai. Three regions were identified: 1) extrinsic, 2) lower intrinsic,
and 3) upper intrinsic. In the extrinsic region (impurity controlled) the specific conductivity, K could be
expressed as,
= i.3exp(-23000/RT) ohm ~icm™!
where R is the gas constant (c.aloneo/degree) and T is the absolute tempexamre The rate equations for the
lower and upper intrinsic regions respectively were given by,
K = 3.78X10* exp(-32700/RT) ohm™!em™! | and
= 2.05X10° exp(-35600/RT) ohm “lem'! .

The thermally produced defects, responsible for the conductivity of solid barium fluoride in the intrinsic
region, were suggested to be fluorine ion vacancies and fluorine ions in interstitial sites. The defects could
be produced by impurities in the extrinsic region. Assuming that BMr follows a similar conductive
behavior, the ionic conductivity should be negligible at room temperature, and should depend on impurity
content and defect density at higher temperatures. It is essential that the starting materials in the synthesis
of the BMF film be of high purity. Ideally the thin film should also be single crystalline, free of any defects.

Our experimental results and analysis have shown that a significant contributor to the leakage of the
uncupped BMF film is film cracking (caused by differential thermal expansion), and associated intergranuiar
penetration of the gate electrode. This was alleviated by application of a high quality 5iO- capping layer,
but resulted in the need for higher programming voltages. Earlier results on films vacuum-annealed at
600°C, in addition to very recent measurements on films crystallized by the RTA -methnd at teraperatures
in the range 550°C to 700°C, have revealed that higher anncaling temperatures produce a significant
lowering of the coercive field. Similar results have been reported recently by Shi et al. 10 for PZT films.
A preliminary result for an uncapped film (see Figure 3-42) has shown thet RTA at 650°C can result in
remanent switched polarization values of about 0.4 uC/cm2 using applied v« itage amplitudes of S V (i.e.
field strengths of about 200 kV/cm).

Studies reported here also have demonstrated the Jarge magnitude of elastic iensile stress developed in BMF
films grown on silicon substrates. These stresses in turn generate piezoelectrically induced electric fields
within the film, which may account for our observation of clamped negative thresholds in non-functioning
FEMFET devices, and hence the occurrence of residual positive polarization near the FE/Si interface.
Superimposed on this picture also are intrinsic and/or therinal stresses induced in the ferroelectric layer by
deposition of electrode layers such as Al as well as other overlying layers. We tentatively attribute the
observed poor retention in BMF and some other ferroelectric gate dielectrics to the drift of mobiie charge,
which may be aggravated by the wxistence of stress-induced internal fields. It should be feasible (along the
lines we have sucessfui:- -« .plored tor bismuth titanate and related gate dielectrics), to significantly suppress
the mobile-ion effects in BMF layers, by employing chemical doping approaches. Candidate "dopants”
might include Sr or La substituting for Ba; Ta substituting for Mg; or O substituting for F. In particular,
site sublséitutiuns between O and F are well-known, and numerous ferroclectric oxytluorides have been
studied " ©.
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5.0 RECOMMENDATIONS

The relatively short retention times of several hours coupled with ionic conductivity at higher temperatures
indicates that the choice of BMF as the ferroelectric gate material in a non-volatile FET be shifted to other
materials. Review of the literature suggests that bismuth titanate or other oxide-based ferroelectric material,
appropriately doped and optimally processed, is a good candidate.

Furthermore, we believe that the use and optimization of RTA crystallization approaches. will (as has been
proven for PZT layers) result in FE film products of much enhanced electrical integrity, and in the reduction
of the threshhold drift or leakage effects. This should in turn reduce the need for capping layers. The
marked reduction in coercive fields, resulting from the possible use of higher RTA processing temperatures,
will also allow us to move towards significantly lower programming voltages; this is clearly an important
consideration in the operation of large, high-speed memory arrays.
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Appendix A:

Tables Summarizing BMF Water History

m
Wafer Code Chemical Clean Thennal Source Temp | Growth Temp Manitor X.ray Resudts
{Substrate) Cloaning: Thukre,Rate
(*CY; (min) (Y} (*C),Durstion | (nem),(A/sec)
plp+ + 950, 10Min. 11001250 350, 15 Min. Not used
BMEF-Si- | Grided SA-NOB 930, 10 Min. 11751195 550, 60 Min. 60, 0.20.3 600- 340 Warped wafer, to
2 ATL
BMF.Si: | Grided SA-PQ7 950, 10 Min. t1as 550, 52 Mia. 50, 0.1.0.2 680480 Ellipsometry, 12
3 ATL
BMF-Si- | Grided SA-PO6 900, 10 Min. [RRA] 550, 21 Min 15, 0.10.2 300- 1500 To ATL
4
BMEF-Si- .008-.02, N 900, 10 Min. | 1100,now mat| 350, 28 Min. 40, 0.10.2 600- 500 X-ruy, hysieresis | Muitiepi with <011>
s up and <00l > almaet
up + poly BaFy
BMF-Si- pip+ + 900, 10 Min. 1100 550, 9 Min. 10, 0.1-0.3 200-100 To ATL
6
BMF.-Si- p/p+ - 900, 10 Min. 1100 550, 1) Min. | 12.5, 0.20.4 X00-100 To ATL
7
BMF-Si- | Grided FM-NO! 00, 10 Min. 1100 550, 9 Min. 10, 0.20.3 250-150 To ATL
8
BMF-5i-| Grided FM-NO2 #00, 10 Mia. 1100 550, 10 Min. 10, 0.10.3 310-150 To ATL
9
BMF-Si-| .005-.02 G-cm, 800, 10 Min. 1100 350, 17 Min. | 15.8, 0.10.3 $30-330 X-ray, RTA, Multiepi - Somo BaF,| Hyswercsis, 10 PSU
10 N-type 50, with <111> fibor
exture.
BMF-Si- | Grided FM-NO4 80G, 10 Min. 1100 550, 12 Min. 13 0.10.2 310-150 200°C RTA Xeoc BMF
11 in Forming Gus, 8
to ATL
BMF-Si- | Grided FM-NOS 800, 10 Min. 1100 400, {1 Mo 10, 0.10.2 250-150 To ATL BMF-Si-
12 1
BMF-Si- .008..02, N 900, 10 Min. |[!08S,pew mmt| 350, 11.5Min 13, 0.10.3 310-150 Amsal for 30 X-ray: Amorphous as |} Ome pieco to PSU; | BMF
13 min, in vacuum irvem; Poly with Poly, good tysieresi 13
furmsce &t 600°C, | <003 fibor textr aflor
600°C
BMF-Si- 30-40, N 90C, 10 Min. 1083, 1100 550, 56 Min. 100, 0.2-0.4 ~2um Flaking, not used, BMF
14 Krish t4
BMF.Si- 1y pt/SOrmm 500 1083 500, 23.5Min 30, 0.10.3 650- 500 Flaking, not used BMF
13 §i07.005- .02 15
U-om N
BMF-Si-| Pattemed, ATL. 700, 10 Min. 1085 500, 6°13° 8, 0.20.3 160- 100 To ATL
i6 M95i-1S
BMF-Si- | Paltemed, ATL 00, 10 Min 108S 500, 739" 8, 0.1.0.3 160-100 To ATL
17 nI9SI1-14
BMF-5i-{ Pattermed, ATL 00, 10 Min, 108S 500, 753" 8, 0103 160-100 To ATL BMF-Si-
18 #19511-16 18
BMF-5i 30-400-cm N 900, 10 Min. 1100 550, 438" 40, 0.20.4 850- 700 Flaking, not used, BMF
19 Krish 19
BMF-Si-| 175A $i05 on 00, 10 Min. 1100 500, 14 Min. 30| 25, 0.3-0.4 500-360 No loop with HMF
b i) .005-.02 N Min post- amneal Cr-Au dats. Good X
a 550°C D velues.
Rosistive lonp
with Hg
BMF-Si-| .005-.02 g-om, N 900, 10 Min. 10758 250, 10 Min,, 30} 8, 0.10.2 150125 Poor hysicresis. | Poly + muiti- epi afler in | R~ 1ESQ on RT-60. |BMF.
N Min. powt- vac- anneal it sencal 4t 600°C for Too leaky for A
anmcel st 800°C 600°C, 0min. 30 Min. moasurement.
Betier loop. Poly + < 010> fiber tex
afler vac-fumace amncal
ot &00°C for 30
mimsos .
BMF-Si- Recycled wafer Last HF etch 1075, 1ew 350, 10 Min. 10, 0.10.2 250-12% Vac. anncai ot
pod #1951 (.14 from reduced 10 159, 18 600°C for 30
ATL R0, 10 Mia. Min., o ATL.
BMF.-Si-| Recyched wafer Same wa 22 1083 350, 13 Min. 10, 0.1.0.2 250-128 Same & 2
p #19311-15 from
ATL




———
Film Wafer Code Cheralcal Clean Thermal Souro Tomp | Growth Temp Momitor Thickneso Powt- Status
Codeo {Subatrate) Cleaning: Thekns, Rate Arnncal
(*C); (min.) 0 CC)Duntion | (sm), (Assec) (o}
BMF-Sie pip+ 909, 10 Min. 1075 350, 12 Min. 10, 0.10.2 Vac. aoneai at
p2] 600"C for 30 p2]
Min, To ATL
RME-Si. plp e 900, 12 Min. 1088 350, 12 Min 10, 0.1-0.2 250-128 Same annen! as BMF.Sie
28 24, To ATL 3
BMF-Si- pip- 900, 10 Min. 1083 350, 9 Mia. 10, 0.10.2 250-12$ Same anncal, to BMF.Si-
] ATL 28
| BMF-Si- pip + 900, 10 Min. 1085 350, 1V Min. 10, 0.10.2 250-125 Sanw anwal, to BMF-Si-
7 ATL ho
BMF-Si- p/p+ 900, 10 Min. 1085 350, 10 Min. i0, 0.19.2 250-128 Same amesl, to BMF.Si-
8 ATL 3
BMF-Si- p/p+ + 900, i0 Min 1085 350, 11 Min. 10, 0.1-0.2 300-190 amorphous. Vac- Poly+ multiepi afier | Hy anocal at S0G°C, | BMF-Si-
9 Ellipsoaxtry acal 600°C for | vac-amncal at 600°C for | br., good loop, o]
30m, Orient, 30 Min. However, too {futiguc test on RT.66
leaky for RT-66. 600°C & M0°C i
R=9ESQ. Hay gredually worse.

BMF-Si- plp+ + Q0C, 10 Min. 1083 350, 7 Min. 10, 0.1-0.3 250-12¢ No anncal, to BMF-Si-
30 ATL 30
BMF-Si- plp++ 900, 10 Min. 10/ 350, [1 Min. 10, 0.1-0.2 300-180 No anoeal, to BMF-Si-
3 ATL 3l
BMF-Si- pip+ + 900, 10 Min. 1075 550, 13 Min. 10, 0.1-0.? 310-190 No anneal, 10 BMF-Si-
ky t ATL 32
BMF-Si- 6600 Ti- Pv/ 900, 10 Min. 1075 500, 22 Min. 15, 0.10.2 52030 X-ray, poly, Poly with somo BMF-Si-
k] S00mSiO-/n, (DEKTAK) soqw (00 poor preferred < 100> 33
.005-.020-cm sdhesion, Al beck

hysteresis,breakddo
wi.

BMF-Si- | .005-.020-cm, 900, 10 Min. 1085 450, 15 Min. 10, 0.1 0.2 300-180 X-ry, oricoted Multiple epitaxial BMEF-Si-
34 otype l poly. structure as before. M
BMF-Si- | ,005-.020-cm, 300, 10 Min. 1085 400, 10 Min. 10,02 250-125 X-tay, orionted Muitiple epitaxisl BMF-Si-
3s ttypo poly. Hy annral, structure as beforo. 35

X-muy.

BMF-Si- | .005-.020-cm, 900, 10 Min. 1085 300,15 Min. 10, 0.1-0.2 250-128 X-ny,amorphous. | Amorphous as grown. X-ray, hysieresis. [BMF-Si-
36 n-type Hy anncal at Thr Hy anneal at four 36
400,500 Jdiff. wmps. Amorphous
600,700°C for « 400°C, poly with
Lhr. some <01!>
oricotation st 500 Poly
with samw < 100> fib.
wex, BaFy at 600°C, and
only BaFy with < 100>
fiber wxture aflor 700°C
aumcal.

BMF-Si- | $70um Ni’50 nm None 1075, New 300, 11 Min. 15 0.140.4 350-21¢ Patclry film, good | Poly BaMgF 4 + unidentified plwse (No Ni) s | BMF.Si-
37 Ti/S0nen Mat. DEKTAK at adbosion, center. Only < 111> fiber wxtured Ni at 37
S$i04/p/p+ +Si cdge Al-backoost one | masied ower edge. Ni gradually replaced by
quadrant, poor BaMgF, + unidentifiod phasc as we move

bysteresis. X-ray, loward cenler,
varying.

BMF-Si-| Grided FM-NO7 900, 10 Min. 1075 350, 10 Min. 10 04t 200-128 B 1w ATL BMF-§i-
38 3R
BMF-Si- | Grided FM-NO8 900, 10 Min. 1075 350, 9 Min. 10,- 0.} A28 o ATL BME.5i-
39 39
BMF-Si- 36.40mm &-Si/ 350 1075 350, R Mia. 10, ¢ 0.3 250-128 Vac-amncal 550°C { Amorphous as grown, R=1ESQ ani BMF-Si-
40 .002-.050-cm for 30 min, preferred <010> fiber Ky = 2EM-on o )

texture afier  vacuan RT-66. Too 'caky
anrcal. fur measurement .
BMF-Si-| 288nmAl/40mm 450 1075 450, 11.5 Min. 15,0103 | 212.7m wtodge 504mm Al Highly polycrustailine | Hysteresis loop with | BMF-Si.
& §i07/4-80-cm by DEKTAK beck-coat an one | with poor <001 > fiber meroury  probe. 41
NN+ + lalf. Unopoood | wexture. The sluminum | Unopened oop, low
Ly sieresis, low hadd <1} > fiber bee- akdown voltage
volts, exture.  Also some
BaF-.
BMEF-Si- |  4BO-cmnN/N + 900, 10 Min. 1075 350, 12 Min. 15,0103 350150 R =9ESQD on RT-66. | BMF-S;i-
No closed foop. 42
Strange shape.




Wafer Code Growth Temp
{Substrate)
CCY (min) 1O Dnration
63-95Q-cm 2" 900, 10 Mia. 350, 13 Min. 12,3, 0.10.2
p-SKLIO) crucible neck | Trus T <356°C ot $50°C for 30 oraled afer vacuum amsal. No trace of 43
Min. contamination,
BMF-Si-1  0.020-em p-Si 900, 10 Min. 1085 350, 14 Mia. 15, 0.20.3 350-150 Vec-anmal piscos { Amorphows s grosm. Narrow loop sfer | BMF-Si
L) from Momsanio al 325 Vac-auneal difforent 400 & 500 ansual, L)
350,400.500,600, |icmps und times. 325°C, | wider afier higher .
00°C forlhr, 350°C, 1hr, still temrp amneal. No
550, 600°C for wnorphous.  400°C, polarization loop.
1/2ne. 500°C, 600°C, &
00°C foe lhr, <011 >
multiepi + <010>
fiber structure. 600°C
30 min., more
pronounced < 010>
fiber structure.
BMF-Si- ] Semi-processed Ouly degrease 1088 350, 8.5 Min, 10, 0.10.3 250-125 To ATL BMF-Si-
45 #1672.5,ATL 45
BMF.Si. #1622-6,ATL Ouly degreaso 1083 350, 7 Mie. 10, 0.20.4 250-125 To ATL BMF-Si- ||
46 46
BMF.-Si- neR-1,ATL Only degroase 1075 350, {1 Min 10, 0.140.2 250-128 To ATL BMF-Si-
47 47
BMF-Si- 71622-8,ATL Only degroase 1073 350, {1 Min. 10, 0.10.2 250-123 To ATL BMF-Si-
48 48
BMF-Si-| Gridded wafer 900, 10 Min. 1075 350, {1 Min. 19, 0.10.2 170120 To ATL BMF-3i.
49 #SA-P-14 49
BMF-Si- 2° p-SilL0) 900, (0 Min. 108 $50, 12 Min. 15, 0.10.3 300-150 DEKTAK- 195um | Polycrystalline as grown, with slight <011> | BMF-Si
50 fiber wxture. 50
BMF-Si- 2" p-Si(110) 900, 10 Min. 1085 650, 10 Min. 10, 0.10.3 250-125 DEKTAK- 150am | Mostly polycrystalline with slight <010> fibe | BMF.Si.
s texture. St
BMF-Si- 0.020-cm, p 900, 10 Min. 108S 375, 10 Min. 13, 0.1-0.3 300-150 2 pieces annoaled Amorph s grown. Too leaky for RT-66 | BMF-Si-,
2 in Hy ond Vac. | <011> mulli-epi sher | Narrow loop on 5-T
$00°C, | hr. Hy ammeal and vecum sfer Hy and Ve
' anncal. aoneal. No
hysteresis
BMF-Si- 20 «\ p 900, 10 Min. 1088 350, 10 Min. 12.5, 0.140.3 250128 Multepi. <O01ti> wp BMF-Si-
33 + some <010> fib.
wax. No poly.
BMF- 10 am CnF: on 900, X) Min. 1400 (CLFZ) 583, 3 Min. 3,010.2 10 nm CA.F2 SIO)' cap by Polycrystallire BMF-Ca
CaF-Si-1 .02 Q-cm Si PECVD F-§i-
1085 (BMF) 500, 13 Min. 20, 0.203 400-300 BMF
BMF-Si-| 3 nm PiSi on Si Quly degruase 1085, add 40, 16 Min. 20, 0.10.3 450-300 Polycrysiallie with  [Too leaky for RT-66 | BMF.Si-
34 from ATL mal. (o refil slight <010> fiber R=1ESQ. 54
1. toxtuse.
BMF-Si-| Gridded sufer Fluridation 900, M Min. 1085 550, 8 Min. 10, 0.0-0.1 75125 om Noos To ATL, T2
35 #FM-NI3
BMF-Si- | Gridded wafer Fluotidation 90C. 70 Min. 1085 350, 8 Min. 10, 0.0-0.1 75125 um Nons To ATL, 772 Excellend -V piot a
56 PFM-N-14 ATL with merowry
probe afler SO0 run
§i0y cap v PECVE)
at 45U
BMF-Si- PP+ 900, 20 Min. 1083 650, 9 Min. 15, 0.00.1 150-900 Multiple epi with R~ 2E6 1w 2%t m
57 <0l > up, plus R1-60 Neo lomod
unidentifiod phese oop Strnge.
<040 >? XRD confirms
confirms <011 >
+<0l0>
BMF.8i-| 0.020-cm, p | rowtion probl. | 900, 30 Mia, 1083 150,24 Min., | 26, 0.00.1 300150 4 piocos. 60 min. | Mostly poly withs siigh | © - 17w K166,
58 rotation probl. vac. and Hy <M0> fib. cx. aher st ey oon ST
soneel 2 pocs | Hy aonoal, Bk poly with, ey i maxch
slightly more ;011 ‘s lar than vae,
flber e efioy i
VOO AT '
L.
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Wafer Code

Growth Temp Monitar
{Substrate) Tholona, Raie
(*C),Durstion | (nm), (A/sec)
300, 10 Min. 230, 24 Mia, 4-pians. Vac, Hy, H,, F.G. and Too aky for RT-66
' F.G o-boam 510, | Vac-ammsal at 300°C for | but excolimat locp on
+Hy am. | e, Poly fim after Ho 5-T for o H-
Hy +PECVD 5104 & F.G. with soms amnoaled piece,
<010> fibae texturs, skinny loop for
sama aftar vac-amnesl, vac-ammwal, Only
Ciloop after
H,y +PECVD Si05.
BMF-Si- 0.020-cro 900, 10 Min. 1085 200°C, then 601 | 20, 0.0-0.1 250- 150 Cw into four <0l0> flbor wxtured {Too leaky for RT-66 | BMF.Si-
0 ameal, 4 stepe pleces film. XRD shows Nesrow Joop on $-T /]
I preferred <010>. bridgs.
BMF-Si-| Gridded wafer 900, 10 Min. 1085 350, 2 Min. 0, 0.0:0.1 250-150 Hy-anncaked Too keaky for RT-66 | BMF-Si-
] #FM-N.25 500°C for | he, before and after ]
then 200mSi0, by Hy-anncel.
e-beam Conductive loop
I eveporation changing to hysleresi
just prior to
breakdown 2 S-T
bridge. Belter after
l $i0;. Hysteresis and
Fatigus on RT-66
with S10; cap.
BMF.S$i- pp+ 900, 10 Min. 1083 200, 22 Min. 2, 0.00.1 300-150 Hy-smeal 174 & | Polycrystalline sfer Hy |  Conduct, loop ca [ BMF-Si-
62 112 piece at 500°C annoal, with some RT-66 afler 62
. for | br. <010> fiber tex. Hru:sd. Needed
oonditioning for R
awesureviont as
. usual.
BMF-Si- pip+ Nooe 1085 200, 20 Min. 20, 0.00.i 300-150 Hy-smncal 1/4 & | Polycrystlline sfier Hy | Excelient Hysteresis | BMF-Si.
63 172 piece a1 500°C ameal, with some ou RT-66. 63
for | br. F.G. <010> fiber ex. XRD | Comparsble loop on
anncal 44 quan. confinms ST at low ireq.
potycrystalliaity. Good C-V.
Coundustivity proble.
PECVD $i0 ou 2n
Ha-annealed picce,
l anly C-loop
BMF-Si- |3 waler#10w/5i0; | None 1085 250, 10 Min. to, 0.0-0.1 128-75 Hy-anncal 500°C, To Lehigh 8/15 BMF-S$i-
o4 (Lehigh) {Hr. To Lehigh 64
University
l bMF-Si- 3 waferi® None 1085 250, $ Min. 5, 0.00.1 0 Hy-anneal 500°C, To Lehigh 8/15 BMF-Si-
65 wiSi0, iHr, To Lebigh 6s
(Lehigh) University
l BMF-Si- 020-cm, p None 1085 200, 12 Mia. 10, 0.0-0.1 125-75 34 Hy, 14 F. Narrow capacitive | BMF-Si-
66 Gas aooeal 500°C, loop after 66
1Hr. 174 S00A Hy-anncal + PECVD
§i0, PECVD 400 §i0y. Panial
recovery after Ind
l K, sonsal, Worse
afer further
Hz-lml-
BMF-Si- Gridded Fluoridation None 1085 200, 9 Min. 10, 0.0-0.1 75125 nm Hy, To ATL 9/13 BMF-Si-
67 #FM-N-24 500°C, 67
| 5
BMF-Si-| Gridded wi00A | Degroase only None 1085 00, 9 Mia. 10, 0.00.1 75125 am Ha, To ATL 9/13 BMF-Si-
o8 SioleN-06 500°C, 1 68
l Hr
BMF-Si- PP+ Fluoridation Nore 1085 200, 10 Min. 10, 0.00.1 75125 nm Ha, To ATL 9/13 BMF-Si-
[ 500°C, | [
Hr
l BMF-Si- | Gridded #FMN-!7| Fluoridation Nons 1085 200, 11 Min, 10, 0.0-0.1 75125 o FG, To ATL 9113 BMF-Si-
LY ' 500°C, 1 0
Hr
BME-Si- FM-N-18 Fluoridation None Gridded W C %0-75 nm None To ATL. 9713 BMF-Si-
l n b1l
BMF-Si- T7719-FMB-| Fluoridation None 20°C 75135 om fa, To ATL 9730 BM{-Si-
n 500°C, 1 ”
l Hr
i -




- T ae
Flim Wafer Code Chomioal Cloan Theram! Sourve Tomp | Growth Tenp Moanilor Thicknsss Pout- Status X-ry Resulta Othee Fll
Code {Substraie) Cleaning: Thelaw, Rewe Anpes} Chancterizations Ca
(*C); (min.) o) (*C), Durntion | (), (A/sac) (nen)
BMF-Si- TI-FMB.2 Fiuoridation Nown 20°C 75128 n FG, To ATL 9/20 BMF
n s00°C, 1 b
He
BMF-Si- TT19-FMB) Fluoridation Now 200°C 75125 om FG, To ATL 970 DMF
N 500°C, 1 74
Hr
BMF.Si- THeFMB-4 Fluoridation None 200*C 75125 nen FG, To ATL 107 BMF|
18 300°C, 1 73
Iir Ramp
up/down J
BMF.Si- TT9-FMB-$ Fluoridation Noaw 200°C 75-125 am Ditto Dito BMFl
6 6
BMF-S1- TT9-FMB-? Fluoridation None 20°C 75125 v Ditto Dito HMF.
: "
BMEF-Si- TI9-FMB-8 Fluoridstion Note 200C 75123 om Ditto, To ATL 1077 BMF-|
n foliowed Waler cut for ™
by 0om| RPCVD coul.
RPCVD
SigNg ot
250°C
BMF-Si- TI-FMB-9 Fluoridation Noa 200°C 75125 tm FG, To ATL 10/18 BMFy
79 300°C, t ™
Hr Slow
cool-
down
BMF-Si-|{ 7779-FMB-1}{ Frunalilon Noae 20°C 75-125 om Ditto Ditto BMF
0 80
BMF-Sl-f 7779-FMB-12 Fluoridation Nooe 20°C 75-125 om Ditto Diuo BMF-§
81 81
BMF-Si-| 7779-FMB-13 Fluoridation | 600*C, § Min. 20°C 75-125 nm Ditto Divo BMF|
82 2]
BMF-Si-{ 7779-FMB-14 Fluoridstion 600°C, 10 200°C 75-125 mn Ditto Diuo BMF-5
8) Min. 83
BMF-Si- TI9-FMB-13 Fluoridstion 600°C, to X0°*C 75125 am Diuo To ATL 1171 BMF
84 Mia. 84
BMF-Si-| 7TT9-FMB-17 Fluoridstion 600°C, i0 20°C 75125 om Ditto Ditto BMF-
83 Min. 85
BMF.Si-] 779-FMB-18 Fluoridation 60c°C, 10 20°C 75-125 om Diuo Ditto BME-3I
86 Min. 86
BMF-S8i-] 7719-FMB.19 Fluoridstion 600°C, 10 20°C 75-125 mm Ditto Ditto BMF-.
87 Min, 87
BMF-Si-| 7779-FMB-2I Fluoridation 600°C, 10 20°C 75-125 om Divo Diuo BMF-Si
88 Min, 83
BMF.-Si-| 7T8-FMB-22 Fluoridation Ditto Ditto Dino Ditto Diuo BMF-l
89 89
BMF-Si-| 77MN-FMB-23 Ditto Ditto Ditto Dito Ditto Ditto BMF.-Si-
90 90
BMF-Si-} 7779-FMB-24 Fluoridatian 600°C, 10 20°C 75-125 mm FG, To ATL, I1/8 BMEF-
9 Min. 500°C, 9l
1Hr Slow
Cool-
down
BMF-5i-| T7779-FMB-2S Degrease, skip 3%0°C, 10 200°C 75125 om FG, Ditto BMF-Sj-
92 RCA, HFdip Min. 480C, 92
THr Slow
Cool-
down
BMF-Si- FMN-22 Dito 600°C, 10 200*C 125175 mn Dito To ATL, 11721 BMF-Si-
N Min. 1]
BMF-Si- FMC-N12 Fluoridation 60*C, 10 200°C 150-250 wn Dito Dito BMF.S
94 Min. oM
BMF-Si-]  FMC-N1} Ditto Ditto Ditto 150-275 n Diuo Dito BMF-SI
95 95

o



Film Wafer Code Cheenical Clean Gromh Temp Monitor Thicimess Post- Suns X-ray Resuls Other Film
Code (Substrame) Cloaning: Theims,Raw Antwal Charscterizations Code
(*C); (min.) 0 (*C),Durstion | (nm), (A/ssc) ()
BMF-Si- FMC-N2i Buffered HF, 3X°C, 10 x0°C 150-250 o Dine To ATL, 1272 BMF-Si-
96 DI-H,0, Min. 96
degreass,
HF dip.

BMF-Si- FMC.NQ Ditto Divo Ditto 150-260 mn Ditte Ditto BMF-Si-
9 '
BMF.Si- FMC-N16 Ditto Dito Dinto 150-225 on Ditto Ditto BMF-Si-
98 98
BMF-Si- FMC-NIS Ditto Ditlo Ditto 150275 nm Diwo Ditto BMF-Si-
9 9
BMF-si- FMC-N2S Ditto Ditto Ditto 150-275 mn Ditwo Dittn BMF-Si-
100 100
BMF-Si- FMC.NY Ditto Dino Ditto 150-275 nm Dito To ATL, 12/10 BMF-Si-
101 101
BMF-Si- | 7620-6 patiemed As above, Ditto Vitto 150-250 um Ditto | Ditto, delivered by BMF-Si-
102 <rise exoopt skip Doug Adam 102

trichlor,

BMF-Si- 1620-5 Ditio Ditto Ditte Dito Ditto Ditto BMF.S$i-
103 103
BMF-Si- 7620-2 Dito Diuo Ditte Dito Ditto Ditto BMF-Si-
104 104
BMF-Si- 7620-3 As abovs, Dito Ditto Ditto Ditto Ditto BMF-Si-
105 excopt use 105

sceions in place
of trichl.
BMF-Si- FMC-NO2 - Buffered HF, Ditto Dito 150-250 o Nitto Broak for X-ray BMF-Si-
106 DI-H50, degro Poly with pref 106
sse, HFdip. fered <010>.

BMF-Si- FMC-N19 Diuo Ditto Dino Ditto Dito To ATL, 1219 BMF-Si-
107 107
BMF-Si- FMC-N17 Ditto Ditte Ditio Ditto Ditio Ditto BMF-Si-
108 108
BMF-Si- FMC-NO! Ditw Ditto Ditto Diuo Dito Ditio BMF.si-
109 109
BMF-Si- FMC-No9 Diuo Ditwe Ditto Diuo Ditto Diwo BMF-Si-
110 110
BMF-Si- FMC-N13 Ditto Disto Ditto Divo Diuo Ditto BMF-Si-
m 1
BMF.Si- FMC-N10 Ditto Ditto Diito Dito Ditto Ditto BMF-Si-
12 1?2
BMF-Si- FMC-NOG Ditto Ditto Ditto Ditto Ditto To ATL, 177192 BMF-Si-
114 It4
BMF.Si- FMC-NU8 Dino Ditto Ditto Ditto Ditto Ditto BMF-Si.
1s 115
BMEF-Si- FMC-N18 Ditio Ditto Diuo Ditto Ditio Ditto BMF-Si-
116 116
BMF-5i- FMC-NOS Buffered HF, 520°C, 10 200°C 150-250 om FG, To ATL1/792 BMEF.Si-
i? DI-H,0, Min. 480°C,| 17

Degroase, Hr Slow
HF-Dip cocldown
BMF-Si- FMC.NO? Same, except Ditto Ditto Ditto Ditto To ATL. 1113 BMF-5i-
118 replace trichlor 18
with scotone.

BMF-Si- FMC-N14 Ditto Ditto Ditto Dito Ditto Dite BMF-Si-
119 Ly
BMF-5i- FMC.N22 Ditto Ditto Ditto Dino Ditto Diwo BMF-Si-
120 10
BMF-Si- p/p+, New Diuo Divo Dritio Dinw Ditto Broke for X-ny BMF.-si.
121 maicrial added in Sure (0i0) 121

crucible; Fresh oricnled poly.
beld sysiom
8MF-Si- FMC-NO4 Dito Ditto Dito Ditto Dino To ATL, 1730 BMEF-Si.
122 12
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Film Wafer Code Chemical Clean Thermal Source Terap | Growth Temp Manitor Thickness Post- St X-ray Results
(Substraie) Cleaning: Thelas,Rawe
(*CY; (min.) (), {A/sec)
s
4F dip.
BMF-Si- N0t Ditto Divo Divo Diuvo Ditto, To ATL, 24 BMF-Si-
124 except it
wes 2 br
ameal
BMF-Si- FN02 Ditto Ditio - Ditto Ditto Ditto Ditto
128
BMF-Si- FN-03 Back to 2-step Ditto Dius Diwo Ditlo Ditto
126 HF dip, with
NH4F+HF 1
sep.
BMF-S$i- FN-04 Ditto Ditto Ditto Ditto F.G. To ATL, 212 BMF.Si.
27 1He, 127
480°C
BMF-S$i- FN-0S Divo Diuo Ditto Ditto Diuo Dito BMF-Siy
i3 128
BMF-Si- FPOI Diuo Ditto Ditto Dito Divo Ditvo BMF-§i-
129 129
BMF-Si- | 7806-1 (Paucroexd) { Back lo |-step Ditto Ditto Ditto Diuo Ditto BMF-Si-
3 HF dip{1:50} 131
BMF.-Si. TRO6-2 Ditwo Ditto Ditto Dito Dito Ditto BMF.Si-
132 132
BMF-Si. T806-3 Ditto Ditto Dito Ditto Ditto To ATL, 217 BMF-§i-
133. 133
BMF-3i. T806-4 Dito Dito Ditto Ditto Duto Diuo BMF.Si-
134 134
BMF-si- T806- 5 Dito Diwo Ditto Diuo Diuo Diwo BMF-Si-
135 135
BMF-SI- FPO2 DITTO DITTO DITTO DITTO DITTO | TO ATL, 227 BMF-Si
136 136
BMEF-SI- FP-03 Ditto Diuo Diuo Divo Ditto Divo BMF-SI
137 -137
BMF-§t- FP-04 Diuo Diwo Diuo Ditto Diuo Ditto BMF.-Si-
138 138
BMF-Si- FMD-23 Buifered HF, S2°C, 10 20°C 150-250 nem Forming | To ATL, 227 BMF-Si-
139 DI-H 0, Mis. e 139
degrease 10% Hy
(acetane in 4%0°C,
place of trichl) {Hr Slow
i-step HF dip ocool-
(omly 1:50) doem
BMF.§i- FMD-08 Divo Ditto Diuva Ditto Divo Dino BMF.Si-
140 140
BMF-Si- FMD-07 Divo Ditto Diuo Dito Ditto Diwo BMF-Si-
14} 141
BMF.Si- FMD-08 Diuo Dino Ditio Diuo Dio Diuo BMF-Si-
142 142
BMF-Si- | 7806-6 (patwrned) Divo Ditto Ditwo Dito Diuo Dino BMF-Si-
143
BMF-Si- FMD-09 Ditwo Ditto Ditto Dirto Dito To ATL, 3/6
144
BMF-§i- FMD-10 Diuo Ditto Ditle Dino Ditto Ditio
143
BMF-5i. FMD-1) Divo Diuo Do 190-200 nem Dino Diuo
148
BMF-§i. LETTN60) Dino Do e Do Ditto Diuo
144
BMF-Si- LETI604 Divg Divo 3,117 Ditio Dino Dine
1L ]
BMF-5i-| LETNGNS (No Dinn Dino i Do Dino To ATL, V16
149 sibicude}
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Film Wafer Code Chemical Clean Thermal Source Temp | Growth Temp Manitor Thickness Post- | Sictus Xy Rosults Othor Fihn
Codo (Substrate) Cloaning: Theins, Rate Anncal Characrerizations Code
(*C%; (min.) Q) (*C),Curation | (nm),(A/sec) (ren)

BMF-§i- FMD-24 Ditto Ditto Ditwo 215-3%0 mm Ditto Ditto BMF-§i-
150 150
BMF-Si- FM-N-16 Ditto Diuto Divo 210-360 om Ditto Ditto BMF.Si.
151 151
BMF-5i- FM-N-19 Divo Dino Ditto 77490 pm D Dito BMF-Si-

l 152 152
BM{-Si- FM-N-20 Ditto Dito Citto 280-495 mm Dito Divto BM(.Si-
153 153
BMF-Si- FP-0S Ditto Dito Ditto 180-280 o Ditto Ditto BMF-Si-
154 154
BMF-Si- FMD-12 Dito Lsitto Ditto 250400 pn Ditto To ATI, 3715 BMF-Si-
155 155
BMF-Si-]  FMD-13 Ditto Ditto v M 250400 om | Dino Ditto BMF-Si-
156 i56

— v——
BMF-Si- FMD-t4 Dito Ditto Divo IAL290 nm Ditv. Divo BMF-Si-
157 157
- e }

BMI-Si- FMD-15 Dido Divo Dittn LRSS wm Dito ¢ Dito BMS.Si-
158 i 58
BMF-§i- FMD-16 Diuto Dito Dio 30610 0 | Ui Diuo BMF-Si-

l 159 159
CMF-S§i. FMD-17 Ditto Diuto Dito 300- AU am hydrogon To ATL, 41 BMF-Si-
160 smncal 160
480°C,
tHr.
o—
BMF-Si FMD-18 Diuo Ditto Ditto 300-200 nm Diuo Csito BMF-Si.
161 161
BMF-Si- | FMD-19,with 10 | D¢zreaso0 only Ditr» Ditto 30C-200 mm Formiig Ditto BMF-Si-
162 om thermal Si0y tas 162
aoneal,
480°C,
i for 1 He.
l BMF-Si-| FMD-20,with 10 | Degrease culy 520°C, 10 206°C 300-20 oeni Forming To ATL, 41 - BMF-&i-
163 run Theroal Si02 Min. e, 163
480°C,
1Hr.

l BMF-Si-| W-| (wp+ +) | Simplified proc 50°C, 10 209°C 360-250 nem Nomw To Virginia Tech BMF-Si-
164 w/l sep HF Min. for stress test 164
BMF-Si- FMD-21 Ditwo JX°C, 10 X0°C (3-aep) 20020 e in 3| Nome To ATL, 41 BMK-Si-
163 Mir. in-situ anoeel at stops of 120 om 165

520°C,1Hr, afor oach.
ocach siop
BMF.-Si- FMD-22 Diwo 53°C, 10 Diito - 300-200 ten Nome To ATL. 43 BMF-Si-
166 Min. 166
BMF-Si- FMD-25, with Degresse only Ditto 200°C 400-250 men Fi3, To ATL, ar22 BMF-Si-
167 10nm ThSiOz 480°C, 167 )
1He
BMF-Si-| FMC-D, with Degronss only Divo X00'C 400-250 man Ditto To ATL. 4722 BMF.s:.
168 100 Th. SiO-: 168
BMF-Si- W.2, pp+ Sinwliflad proc Diuo Divo 18C om Nons To VA. Toch. for BMF-si-
160 w/l vep HF sreas, 40 169
l BMF-S. TH6-S with Degronse anly S20°'C, 20 Ditto 300-200 nem FG., To ATL, 42 BMF-Si-
0 13.3an Th. Si(): Min, 480C, 170
1Hr
RO
BMF .S FMC-N  with Dito $X°C, 10 Diuo 300-200 am FG,480° To ATL. 30 ‘4 BMF-Si-
m {0 Th. $i0- . C, 11 m
— — e—

BMF-Si- | PMC-N2) w10 Dito Dito Divo Diwo Diuo Dito BMF-si-
7 oa Th. 80y l ¥l
TSl FMDOIX Ditio Ditto Do Dt Dio Dito ' OMF-Si-

) s ] Dowale. 50, ! 1
BMF-Si- FmDO2-X Divo Dino Dito Ditto Dino B Dino PMF-Si-
] 13 Smmth. $:i0 17
i .

ﬁ
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Film Wafer Code Chomjcal Claan Thonmat Sowrce Temp | Growth Temp Monitor Thiclowes Post-
Code (Substrawe) Cleaning: Thelas, Rats Anncal
(*C)i (min.) (*C),Duration | (nm), (A/sec) (mn)
| I I W—
High conductiv | Simplified proc
175 wafer. w/l step HF
"2v vac,
RTA
BMF-Si- plp+ Divw None 156°C 250-150 nm Hy Local analysis BMEF-Si-
176 ameal 17
425 o
300°C, |
hr,
BMF-5i- plo+ (WH Ditto 52°C, 10 200°C 140-100 vm Nooo To Vu. Toch.
m Mia.
BMF.S§i. FME-O4 Ditto None 1%0°C 300-200 om H,, To ATL
17 480°C, 1
br
e -— .
BMF.Si. pp+ (V4) Ditto 520°C, 10 200°C 6. AR mn N To Vu. Tech.
184 Min.
BMF-Si. pp+ Diwo 520°C, 10 20°C 256-150 nen iy, 11rge piece ATL
180 Min. 48G°C, 1
be
BMF-§i-| Va. Tesh, (V-1) | Skoplified Proc| 520°C, 10 200°C 133 - 97 Nore To Ve, Toch.
181 w/l slep HF Min.
BMF.Si-{ Va. Tech, (V-2) Ditto Dito 20°C 79 - 56 om Nooo To Va. Tech.
182
BMF-Si- wp+ Ditto Ditto 200°C 250-10 om H,, To ATL
iR3 480°C, |
hr
BMF-Si- p/p+ Ditto Dite 200°C 200-100 nm Ha, Local analysis
184 480°C, |
br
THESi-] FMMF02-13 Diuo Ditto 150°C 270-15 nm | FG RTA, To ATL
B €00°C
for 10
i Sooconds
e e == —
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Appendix B:

Table Summarizing Experimental C-V/ Gp-V TEST Results

Wafer # | Experiment I

Test Results

l Cf)mments I

‘Will not hold voltage, {lat response, large and variable conductivity in

cut into 4 quarters

SO0A LTO. 3KA TiW, Wafer

T77SFMBI8; I F-Si-86

sist; (Files: BOTESPLS; R9BRLPLS)

Barrel Etch TiW, Plasma
Strip of Resist

Teng +iict: 1IW, Posiatrip Resist(File:
BRI POS)

tBar-zl Etch Tiw, bovistrip Resist

20V. Mzrcury Probe: + 20V sweep - howed 24.4 volt window, Gp:
+25, -40uU. Dot showed no memory window snd showed High con-
ductance.

Mercury Probe: + 20V aweep showed 20 volt window: Gp = +500,
-530u0

Dot breaks down at -20V. showe no window. Mercury Probe: breaks
down at + 20 volts. (Unexplained Misbehavior - Fluke)

Dots shawed no ferroelectric window ant Leasbdnes - LV,
Mercury Probe: + 20V sweep showe ! a 23.2 winklow & Gp = +43;,

A0

No significant improvemeat

7779FMB2; BMF-Si-73 Barrel Etched
diclectric
TT79FMIM: BMF-Si-75 Post Sputter Dielectric blistered and pecling, does not hold voltage, no C-V data
T779FMB14; BMF-Si-83 Broken top half of wafer Mercury Showed 12.5 volt window on £ 10V sweep; (Files Blducll & 24 OCT 91
probe, -500A LTO Blducl3)
7779EMB7; BMF-8i-77 Simulated premetal Clesn by 2 minute |+ 20V sweep showed 19 - 20 Volt window; No 1 10 volt window,
Sputter etch
7779FMB13, BMF-Si-82 Aluminum dots and low temperature 1 20 Volt sweep showed a small window ~ 2 volts
After 450°C sinter in Hy/Noy No Ferroclectric Window
7779FMBI7; BMF-Si-85 1000A LTO + 20V sweep givea No Window; +20 to -50V aweep shows & {4t
window
7779FMB22; BMF-Si-89 S00A LTO on 100nm BMF (File + 20V sweep gives 24V, window - 7 NOV 91
FMB22CS)
7179FMB9; BMF-5i-79: 100um | T,,, Etch of TiW, Plasma Strip of Re- | Dot measurcments showed no wiadov. Dots v:aded 1o breakdown at | T,,, scems o give lcss

leaky reaults than Barrel
Plasma; (14 NOV 91)

"7 i A LTO. 1000A Fiiament cvap-

{_ neal 14462°C for 30 min.Hy/N,

omted Al through Mask
Anneal st 400°C for 30 min. in Hy/N,

Aluminum dots showed no ferroelectric window at 1 50V,

Aluminum dots showed no ferroclectric window st + 50V. Mercury
probe showed a 63 volt window at + 50V real time sweep and a 59
volt window oc C-V plot.

[77.- MB24; BMF-. 91

500A LTO, Full Clean

+ 20V scan shows 26 volt window Gp = +541240 (av. 2)

(15 NOV 91)

777" 1B25; BMF-81 72

500A LTO, Degrease, No RCA clean

+ 20V scan show 24.8 volt window (av of 2); Gp = +30/-37 (av 2)

(15 NOV 91)

71917 'B23; BMF-8i-0

500A LTO, 1K Al evaporsted through
mask from filameat source

Silver Print deposited from cotton fiber
on Q-Tip, Air dried 1% his.

Coated 4 Al dots with silver print

Al Dot - + 20V scan showed 0.6 volt window. Small Indium foil
electrode at + 20V scan showed & 24.6 volt window (av. 2)
{B23ind1)

Jadvei fras b + 10V can showed a 12.3 volt window. Silver
S0 Lots breskdow 10 to 20V,

Al-Ag dots showed no Ferroelectric window at £ 10V sweep, Dots
broke down > 10V <« 20Y

(15 MOV 91)

(19 NOV 91)

(20 NOV 91)

T779FMB21; BMF-Si-88

S00A LTO Deposited then subjected to
60 min. Plasma Strip. (FILE
#B21PL>TP)

+ 30V C-V Scan Usad To Pole Diclectric. +20V Scan Showed
Window Of 29.3 volts (lvd),Gp =+6,-12 ulXav 2)

(21 NOVI1)

FVIN-22: BMF-Si-93

No RCA Freclean, 1kA Thick; 480°C
FG Anncal, 1hr., 800A [ Tu

Good Hysteresis With Memory Windows Often Exceeding the
Progmmming Voltage. Aficr trip to Sandin &retum showed
deterionation.

Pulsed CV Measure-
ments: Hg

Probe = > 6.65V Memory
Window at 100us, +16V
Needs Explanation

FMC-N12; BMF-5i-94

Complete Fluoridation Preciean; 430°C
FG Am L 1hr., 2kA Thick. $00A
LTO

Good Hysteresis With Memory Windows Ofien Exceeding the
Progranuming Voltage

3 Dec w STC for Reten-
tion Measurements (File #
3CNI12F94A) (26 NOV
)




FG Anneal, 1hr.,2. 1kA Thick. 8004
LTO

Test Results

Backsputer -Clmn Ruins FEMFET Behavior OuTop Half of
Wafer.Bottom Hulf of Wafer +20v,-3.2/9=12.2Window,

Pttt e e At aempes

Comments

3 Dec for TiW-Al UV
Dots With Presputter
Ciean o

EN-07 (w/10num $i0y),
BTO-4-2

5 10 8kA in Sweet Spot: 2 w 4kA
beyond second interference ring, No
Cap.

Very Leaky Capacitors Showing Both FE & Tunnelling/Tmpping
Hysteresis.

3 Do for Al Dot Re-
moval: S00A LTU Depo-
sition; i'ilament Maskod
Al Dow.

FN-07 (w/10nm $i0,);
BTO-4.2

S to 8kA in Sweet Spot; 2 to 4kA
beyond second interference ring, No
Cap.

VIRGIN DOT: £ 16V Sweep—+1.4V Window: Showed Poling @20V
giving larger window; +20V Sweep~6.4V Window; + 10V
Sweep—6.1V Wincow

(Filea N7BT42C5 & Co6
on 2 JAN 92)

FMC-N21; BMF-$i-96

No RCA; Buffered HF, DI H,0,
Alcobol Degrease; 480°C FG Anneal,
1br.;2000A Thick

4 Dec for 800A LTO.
The Bubble Defects Were
Qbecrved In The Film.

FMC-N23: BMF-§i-97

No RCA; Buffered HF, D! Hy0,
Alcohol Degrease; 480°C FG Anneal,
1br.;2050A Thick

£ 16V Sweep+0.3V Window; 20V Sweep—+7.5V
Window; + SOVSweep-+53V Window; 50V Seems To Partially Lock
Py:SodiumCntnad DmgAlum Dep.

4DmFor800Al.TO.Forlu
Al Shadow Dots. (Files
N23F974¢ & N23F97y,
on 2 JAN 92)

FMC-N16; BMF-5i-98

No RCA,; Buffered HF, DI HXO,
Alcobot Degrease; 430°C FG Anneal,
ihkr.;1875A Thick

20VsweepRepeatedSx: Window =4V,7.4V,11.2V

4 Dec for S00A LTO.
For 1u Al Shadow Dots.

FMC-N15; BMF-$i-9

No RCA; Buffered HF, DI HyO,
Alcohol Degrease; 480°C FG Anneai,
1hr.;2125A Thick

4 Dec for 500A LTO for
FE Removal Experiments

FMC-N25; BMF-Si-100

No RCA; Buffered HF, DI H20.
Alcohol Degrease; 480°C FG Anneal,
1hr.;2125A Thick

4 Dec for 500A LTO for
FE Removal Expcrimeants

FMC-N20; BMF-§i-101

No RCA; Buffered HF, DI HoO.
Alcohol Degrease; 480°C FG Anneal,
1hr.;2125A Thick

(Files C20F96Ac & C20F96Af on 18 DEC 91) 420V Sweep+12.6V
Window; £ 16V Sweep—8.9VWindow; + 10V Sweep—=3V
Window{FilesC20(101H M, &L- > 6JAN92)

11 DecFor800ALTO&Ti
WAI CV Dots With NO
Presputter Clean(Mate To
FMC-N11) &

LE7620A.6; BMF-Si-102

No RCA; Buffered HF, DI HZO.
Alcohol Degrease; 450°C FG Anneal.
thr.;2000A Thick

11 Dec for 800A LTO

LE7620A-S; BMF-5i-103

No RCA; Buffered HF, DI HyD,
Alcobol Degrease; 480°C FG Anneal,
1hr.;2000A Thick

11 Dec for 860A LTO

LE7620A-2; BMF-Si-104

No RCA; Buffered HF, DI Hy0,
Alcobol Degrease; 480°C FG Anneal,
1hr.;2000A Thick

11 Dec for 800A LTO

LE7620A-3; BMF-Si-105

No RCA; Buffered HF, DI H50,
Acctone Degrease; 480°C FG Anncal,
1h.;2000A Thick

11 Dec for 800A LTO

FMC-N19; BMF-Si-107

Buffered HF. DI H50, Degreaze With
Acetone, HF Dip, 200nm BMF @
200°C, Prebaked @ 520°C, Annealled
in FG @ 480°C 1hr.

PRE SPUTTER&SINTER, +20V.SWEEP SHOWED NO WINDOW

532A LTO(13Jan92)

FMC-N17; BMF-Si-108

Duffered HF, DI H,0, Degrease With
Aceton., HF Dig, 200nm BMF 3
200°C, Prebaked @ 520°C. Annealiod
in FG @ 480°C lar.

532A LTO(13Jan92)

FMC-NOI; BMF-Si-109

Buffered HF, DI H40, Degroase With
Acewne, HF Dip, 200nm BMF @
200°C, Prebaked @ 520°C, Annealled
in FG @ 480°C 1hr.

$32A LTCX13Ja092)

FMC-N09, BMF-3i-110

Buffered Hr', DI H90, Degrease With
Ac:tone, HF Dip, 200am BMF @
200°C, Precbaked G 520 O, Aunecalled
in FG @ 480°C lhr.

$32A LTG(13Jan92)

FMC-N13; BMF-4i-111

Buffered HF, 'l H0, Degrease With
Acetone, HF Dip, 200nm BMF G
200°C, Prebaked @ 520°C, Annea’led
in FG @ 480°C 1hr.

532A LTO(13Jan92;

FMC-N10; BMF-5i-1'2

Bufferad HF, DI H7O, Degrease With
Acetone, HF Dip, 200am BMF @
200°C, Prebaked @ 520°C, Annealled
in FG @ 480°C ILr.

532A LTO(13]an92)




Acetone, HF Dip, 200um BMF @
200°C, Prebaked @ 520°C, Annealled
in FG @ 480°C 1hr.

Test Results

e e = e — | ey

Eblmments

LTO(13Ja092)

FMC-NOS; BMF-Si- 115

Buffered HF, DI H40. Degrease With
Acewone, HF Dip, 2000w BMF @
200°C, Prebaked @ 520°C, Anncalled
in FG @ 480°C 1hr.

532A LTO(13Jan92)

FMC-N18; BMF-Si-116

Buffered HF, DI HyQ, Degrease With
Acctone, HF Dip, 200om BMF @
200°C, Prebaked @ 520°C, Anncalled
in FG @ 480°C 1hr.

532A LTO(131an92)

{

TC-NOS; BMF-Si-117

Buffered HF, DI H50, Degrease With
Acetone, HF Dip, 200nm BMF @
200°C, Prebaked @ 520°C, Anncalled
in FG @ 480°C 1br.

532A LTO(13Ja092)

i
|
]
i
§‘
N

10 . TO44 (Rotated)

PLD BTO: 500am Ceater, 200nm
Edge, Greenish: 18 Dec 91; 500°C
Edge. 650°C Ceater, PRE SPUTTER
ETCH.

TOP HALF OF WAFER , +10v,Cp+=155pF,Gp=1315/1320
Window =2.4/4.16=1.76v, + Sv, Window =1.62/2.2=0.58v

$32A LTO (131an92),
AVTIW dots, pre-sputter
ctch, dots Zylin/Barrel
etch

Edge, Groenish; 6 Jun 92; 500°C
Edge, 650°C Center

WINDOW 3.8V.

FP-06; BTO-5-1 (Rotated) PLD BTO: 250nm Center, 150um PROBED 5 CAPACITORS, +20V., CONDUCTANCE OVER 532A LTO(13Jan92)
Edge., Greenish; 2 Jan 92; 500°C SCALE.
Edge, 650°C Center

FP.07; BTO-5-2 (Rotated) PLD BTO: 250nm Center, 150nm MERCURY PROBE, £20V.C-V WINDOW 11.6V.;£10V.C-V 532A LTO(13Jan92)

FP-08; BTO-5-3

PLD BTO: 250am Center, 150nm
Edge, Rotating; 15 Jan 92; 550°C
(readout)

MERCURY PROBE C)qax 143.8pF, +10V. SWEEP , DEP.-4.6V.,
ENH.2.0V., WINDOW 6.5V ., Gpl25\l40p U,BREAKS DOWN AT
20V.

492A OF LTO 20JAN92

FP-09; BTO-5-4

PLD BTO: 250nm Center, 150nm
Edge, Rotating; 15 Jan 92; 500°C
(readout)

HIGH CONDUCTANCE,NO WINDOW, LOOKED AT SMALL
CAPACITOR DOTS

492A OF LTO 20JAN92

FMC-NOL; BTO-5-5

PLD BTO: 250nm Center, 150um
Edge, Rotating; 15 Jan 92; 450°C
(readout)

BREAKSDOWN AT 20V.;NOT FERROELECTRIC

492A OF LTO 20JAN92

FMC-N02; BTO-5-6

PLD BTO: 250nm Center, 150am
Edge, Rotating; 15 Jan 92; 450°C
(remdout)

Used forFE etch experiment.

492A OF LTO 20JAN92

FMC-NO7; BMF-Si-118

Buffered HF, DI H;0, Degrease With
Acetone , HF Dip, 200am BMF @
200°C, Prebaked @ 520°C, Annealled
in FC @ 480°C 1hr.

120V.,Gp=45, U, Window -14.4/6=20.4 V.
410V, Window =-8.35/1=9.35V.
45V.Window=-3.3/-1.2=2.1V.

492A OF LTO 20JAN92
No Preclean; 10kA Al
evap.; A 100us pulse
change

FMC-N14; BMF-Si-119

Buffered HF, DI Hy0, Degrease With
Acetooe , HF Dip, 200nm BMF @
200°C, Prebaked @ 520°C, Anncalled
in FG @ 480°C 1hr.

+20V.SWEEP,NO RESPONSE

492A OF LTO 20JAN92

FMC-N22; BMF-Si-120

Buffered HF, DI Hy0, Degrease With
Acetone , HF Dip, 200nm BMF @
200°C, Prebaked @ 520°C, Anncalled
in FG @ 480°C ihr.

492A OF LTO 20JAN92

FMC-NO4; BMI--Si-122

2 Step chem clean

MERCURY PROBF, +20V.SWEEP DEP.-13.2V.,ENH.11.0V.,
WINDOW 24.2V.; Gp80/120 uU; £ 10V .SWEEP, DEP.-16V.,
ENH.-2.4V,, WINDOW 13.6V.

No differmnce between |
step and 2 step clean

(NN DM St 13

TS

Foiio pgatiftsie <

R ——— e - -——

A TR T

FNO3 awe o126

L

WAFER? £20V., Gp40/68,0, WINDOW 18.4V.; £10V..
Gp38/75, WINP WS .4V,

DM 1 Step chem clean MERCURY PROBE; +20V. SWEEP, Gp18/25, DEP.-14V., See Above
ENH.14.4V.. 28, 4WINDOW
1 step chan cican, 2 br. anncal MERCURY PROBE. £20V.SWEEP ,WINDOW 22.6V.. Sec Above
Gp65/530, NOT NORMAL DIP CURVES, IS THIS A GRIDDED
WAFER?$10V. WINDOW12.5V.
| 5icp chewn clean ,2 br. anneal. MERCURY FROBE, DOES NOT CEHAVE LIK: GRIDDED See Above

jZ siap chems -lcan,2 hr. anncal.

MERCURY PROBE, DOES NOT BEHAVE LIKF GRIDDED
WAFER? L20V., Gp38/72, WINDOWI17.2V.; £10V., GP36/72,
WINDOW 8.2V,

-—»—-!
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FN-04; BMF-5i-127

Test Results

s g s ————ry

2 Step chem clean, | hr, anncal.

HgProbe: +20V,Gp=55/63,Cp=41/72 window = 25.2, +10V,
window = 9 8V, Wafer does not behave s n gridded wafer.

Comm

9kA ovap. Al dots. (Sew
Comments Oun FP-1)

ents

FN-0§; BMF-Si-128

2 Step chem clean, 1 hr. anneal,

Wafer used for FE etch experiments.

FP-0t; BMF-8i-129

2 Step chem clean;9KA Al
DEPOSITED THROUGH MASK

C-V ON DOT. $20V. Gpl52/31, Cp79/100pF, WINDOW: 13.7/0.5
= 14.2V.; $10V: -3.6/-2.4 = 1.2V.; MERCURY PROBE. 120V:
Gp122/17, Cp76.5/66.9, WINDOW -13.7/6,6m= 20.3V.; -15/16C-V,
WINDOW = -10/1.3= 11.3; +SV..WINDOW = -2.3/0.35= 2.65;
-25/20C-V, WINDOW = -19.8/7.5=27.3

9KA ALDOTS DEPRESS
MEMORY WINDOW
JINCREASE
CONDUCTANCE,
REQUESTED STC TO
INCREASE BMF
THICKNESS FROM
2KA TO 2.5/2.8 KA.

7806-1; BMF-Si-131 1 step chem clean
7306-2; BMF-Si-132 1 step chem clean
7806-3; BMF-Si-133 1 step chem clean

7806-4; BMF-5i-134

1 step chem clean

Delivered 1o HDL

7806-5; BMF-Si-135

1 step chem clean

FN-07: BTO-4-2

GRIDDED WAFER ,100 A Si05.1K
A Al DOTS EVAP.

MEMORY WINDOW §.6V.@10V., WORKS AT 20V.&5V.

GOOD RESPONSE
OVER LARGE PART
OF WAFER

FN-08: BTO-4-3

GRIDDED WAFER, 100 A $i07.10K
A Al DOTS EVAP.

MEMORY WINDOW @10v MAX 2.8 V.BTO ABOUT
20% THINNER THAN FN-07, BREAKDOWN 10 TO 20 V.

OVERALL DOES NOT
LOOK TOO GOOD.
ONLY SMALL PART
QOF WATFER HAD
RESPONSE

FMD-01; BTO-6-2

GRIDDED WAFER,153 A LTC

MERCURY PROBE, +5V., Gp 468/571 uU. WINDOW=
-0.5/0.1= 0.6V.; +10V., Gp 500/600, WINDOW= 0/1.5= 1.5V,
Cmax 367pF.

7806-7; BTO-6-3

LTO 161A sub.

FP-02; BMF-Si-136

1 step chem clean,2.5KA com.

+10v, Cp= 53/86pF,Gp = 66/56 no memory window. +20v, SONOS
Type

1KA LTO Cap, no
presputter etch no gril
visible, TVAVTIW dots

FP-03; BMF.$i-137

1 step chem ciean

DA'd for bubbics

FP-04; BMF-Si-138

1 step chem clean

DA'd for bubbles.

FMD-06; BMF-Si-140

[ step chem clean

FMD-07; BMF-S§i-141

1 atep chem clean

FMD-08; BMF-Si-142

1 step chem clean

7806-6; BMF-Si-143

1 step chem clean

FMD-23; BMF-§i-139

1 STEP CHEM CLEAN,500C
IHr. \NNEAL,250-150un

Al Dot(13): Cpm196.7. Gpm=d43/66; +5, ~0.8, +10=-7.4/-5= 2.4,
+20: -11.88/-0.08= 11.8. Hg C: Cp= 173.1, Gp= 81/110; +5
~2.2, 110: -9.2/0=9.2, $+20, broke dovm

LE-7806-08; BTO-6-4

161A LTO ON Si

3 Tranaistors Showed no Memory @25 V.

FMD-02; BTO-6-5

153A LTO , 550C 40MIN.

Hg Probe, breaks down at 20 V. £ 10v, Gp= 30/70, window =
0.4/1.4=1V. Cmax=2l1pF, +5V, window v -0.95/-0.4 =
0.55V, Cmax= [9pF.

BTO Depasit not
unirfoesTR. apoia

MD-03, BTO -7-1

153A LTO, 550C 45 MIN.

Hg Probe; Breaks Down at 20V. £ i0v.: Gp= 70/145, Window =
-0.2/1.8 = 2V, Cmaxw 277pF, $£5V: Window = -0.15/1.95=2.1,
Cmax= 274pF.

FNO9, BT0O-4.4

Thermal Oxide 100A

Bottom Half of Wafer; +10v, Cp = 167pF, Gp = 13SR/1375,
Window = [.2/4.3 = 3.1v, +5v,2.5/3.32 =« .82v.

4KA AL LKATIW pre
sputicr  clean dots were
Zybn/Barere!

ztched Sinter 40N}

Hallyg

F106; BTO-5-1

Thermal Oxide 100A

Ome dot showed no window one dot showed 0.5v window, one doi non
ferroclectric.

An Above

FPO7; B10-5-2

Center 2500A, edge 1500A, Theinnl
Oxide 100A

Hg Prote center £20v, 11.6V window; £ 10V, 3 #V window

FMC-N-08: BTO-7-3

550 . 40 mu., 200 mTorn lUHz.
20 rpm. 1GOA Thermal Oxre:

15v. Cp = 466/4S1pF, (ip = 214/477 Window = (.48/1 38
0.9, £10v. Cp = 478, Gp = 411/1146, Winduw = 1.2.2 ¢ =

1.7

SHATTO ua
prespuller, grel viabie,
TVALTIW dou

1E7186-02, BTO.7-2

550 . «f mm., 200 mTorr. 10H,,
20 vpm. ] TO 18TA
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FMD-09; BMF-Si- 144

2.5KA nomw.

+10v, Cp = 130/135pF, Gp = 25/40u U Window = -4.4/-0.8 =
3.6v +5v, Window = (0.9v

| Wafer # | Experil;)ent | Test Results | Comments

SO0A LTO Cap, no
presputter, gnd visible,

3.8.-6.56/10.2 = 16.76;Hg C : Cp = 127.2. Gp = 10/31, 15,
2.1/3.9 = 1.8, $10, 0.5/ 7.3 = 6.8, +20, broke down,

TI/AVTIW dots
FMD-10; BMF-SI-145 250-150nm. Al Doud, 6): Cp = 164.5, Gp = 24/47: +5,-4.2/3.8 = 0.4, £10,
-4.3/-2.6 = 1,7, +20, broke down, ;Hg C: Cp = 195.5.Gp =
37/69; 45, =2.2, £10, -7.84/3 = 10.84, $£20, -19.2/5.2 = 4.
FMD-11; BMF-Si- 140 280-180 am. Al Dot(4, 6): Cp = 101.9, Gp = 11/50; +5, ~0, 10, 2.2/6.0 =

LE7786-01: BMF-5i-147

LE7786-04; BMF-Si-148

FP-10; BTO-7-4

550°C, 10%H,, 200 mTorr,
40min. Thermal Oxide

+5v, Cp = 128/36%pF,Gp = 826/970, SONOS Type Window
at+10@5 v.

500A LTO, pre sputter
etch, no grid visible,
Ti/AVTIW dots. Used in
etch experiment

FMD-04; BTO-7-5

Thermal Oxide; LTO suboxide

550°C, 10%H,, 200 mTorr, 40min.

+10v, Cp = 460/440, Gp = 1179/1078, SONOS type displacement
+5v, Window = 0.3v.

500A LTO., no pre
sputter ctch; grid visible,
TVAVTIW dots. Caed in
etch experiment.

FMC-N-09; BTO-7-6

Thennal Oxide; Thermal Suboxide

600°C, 10%H,, 200 mTorr, 40min.

Hg Probe:Cp = 109, SpF. Gp = 68/8240, +10v = 2.7/3.76 =
1.06v, +5v = 1.3/3.65 = 2.35v

Possible Cu
Contamination

LE7786-05; BMF-$i-149

| FMC.N-it; BTO-8-

+5vWindow = 3.67v

FMD-24; BMF-Si-150 3.3KA nom. +10v, Cp = 99/96, Gp = 28/48, Window = -1.24/1.84 = 3.08 500A LTO Cap, no
1 5v, Window = 2.3v. presputier, grid visible,
TUAVTIW dots
FM-N-16; BMF-Si- 151 Wafer used for FE etch experiments.
FM-N-19; BMI-Si-152 4.9KA nom, +10v, Cp = 72/6%F, Gp = 14/1534 U, No window Caa be 500A LTO. uo
measured, at +20/10/5v, Too spreed out presputter. grid visible,
TVAVTIW dots
FM-N-20; BMFE-Si-1 42 Used for FE ¢tch experiments.
FP-05; BMF-Ri-154 28X nom. +10v, Cp = 21/126pF, Gp = 8/102x U, dot no window, Hg ~0.8v
i window +20v, Window =6.2v, Hg ~6.0v.
PEMC-N-10; BTO-8-1 o0 C Dep. Hg Probe; Cp = 137pF, Gp = 101/1204 U, £10v Window = 3.6v, |468A LTOCap

TR T . A0 1 Hr Anncrd

Hg Probe;Cp = 223.9pF. Gp = 63/1074 U, 10v SONOS
WINDOW, 15vWindow = 1.iv Window, Breaks Down at20v.

468ALTO Cap

FMD-12; BMF-5i-155

“Th knesr = 7 50-400 oM

Al Dot{i3): Cp = $2.5, Gp = 11/108; £5, =2.7. +10 = 1.6/6.5
= 4.9, £20, -0.2/10.8 = 11;HgC: Cp = 74.9, Gp = 41/51; %5,
-0.1/2.5 = 2.6, £10, (-0.9)/4.7 = 5.6, £20,-5.52/9.6 = 15.1

534A. LTO, 3/27/92

FMD-13; BMF-$i-156

Niickneas = 2 350-400uM

Used for FE etch experiment.

$34A LTO Cap, 3/27/92

FMD-14; 8MF-8i-157

Thickness = (%290 0M

Al Doyd, 8). Cp = 136.2, Gp = 12/31; +5, =0.6, £10, ~1.3,
$20,-14.8/38.2 = 23;Hg C: Cp = 72.4, Gp = 10/40; £5, 0.4/2.15
= 1.75, +10, (-N/1.8 =78, +£20,-16/10.2 = 26.2.

534A LTO Cap, 3/27/92

T'MD-15; BME-5i-158

ihickness = 360-610n'v

DA’d for bubbles,

534A LTO Cap, 3/27/92

FMD-16; BMF-Si-159

Thickneas = 360 610 .M

Al Dot(12): Cp = 61.8, Gp = 11/14; +5, ~1.4, £10, 1.0/8.2 =
7.2, £20, 0/11.6 = 11.6;Hg C. Cp = 63.6, Gp = 19/ 15;15.
-1.92/1.3 = 3.2, £10,  (-1.2)/7.0 = 8.2, +20, -8.8/9.8 = 18.6.
500 Rad Si X-Ray- Al Dot(12): Cp = 61.5, Gp = 8/11;45. =~ 1.7,
+10,0.0/7.68 = 7.58, £20,  (-L.5/13.4 = 14.9

534A LTO Chp, 3/27/92
Conclusion of md test at
500 Rad Si is that there
was no significant
change. Therefore the
wafer seat to SANDLA
was not damaged by
airport X-ruy.

FMONS7, BTO-% -4

JXNV DEP , RTA ¢O0C, TOSEC.

1£10v.Cp = 359.8pF, Gp = 334/435. Wind = 1.4/4.1 = 2.7v.
+5v, Wind = 1.35/3.05 = 1.7v.Broke Down 20v.

PEMCN-13, 10T B

300C DEP, RTA 650C, 10SEC,

$il0v, Cp = 270.9. Gp = 25/101, Wind = 3,6/4.56 = 0.96v. 3 5v
Wind = 5 3/3.8 = 0.3v., Broke down 20v.

[Tl 7, BEIE-Si o0

|00 00Nt1. Hy, 480C, 1Hr.

Al Dou®; Cp = 132.1, Gp = 43/75; +5v, Wind = =0.25v, +10v
= 0.76/1.5 = 2.26, +20v, -1 5.8/8.6 = 24.4v. Hg C: Cp =
115.5, Gp = 34/50;45,0.25/1.15 == 0.9v, +10, -1.74/2.2 = 3.94,
+£20,-17/8.12 = 25.12

FMD- TR Bhe-Si Inl

300-200NM. Ha, 480C, LHr.

TFMD.- 19; BMF St 162

Degresse Only. H,, 480C, 1.,
HI0A baifes v e 3(H)-200 nm. BMF

Al Dou12): Cp = 105.4, Gp = 69/80; +5, -1.8/-0.5 = 1.3, +10,
-2.5/0.98 = 3.5, £20, 4.12/94 = 13.5. HgC. Cp = 86.6,Gp =
33/:0;£5,-0.6/0.85 = 1.45, £10, (-1.512.4 = 3.9, £20,

3. 1/10.8 = 159
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FMD-20; BMF-Si-163

Wafer # I Experiment

Degrease Ouly, Hy, 480C. IHr.,
100A buffer oxide 300-200 am, BMF

Test Results

| Comments W

FMI>-21; BMF-Si-165

3-Step Growth, 250-360 am,

Al Do4, 6): Cp = 141.5, Gp = 27/45; £5v, Wind. = ~0.7v,
+10v, Wind = 4.1/7.6 = 3.5, +£20v, Wind = 4.68/9.68 = S Hg C:
Cp = 97.02, Gp = 9/18, +5v, 2.65/4.25 = 1.6, +10v, 1.5/5.96 =
(4.46), £20v, -15/7 = 22

FMD-22; BMF-Si-166

3-STEP GROWTH. 300-200 NM.

Al(12), Cp = 160.3, Gp = 44/19, +Sv Wind =1.5v, +10 Wind =
2.4/6.1 = 3.7, £20v Wind = -2.8/9 = 11.8.Al(9);:Cp = 148.7, Gp
= 20/40, +5v Wid = 1.4, +10v, Wind = 2.8/6.44 = 3.64,
+20v, Wind = -2.8/8.8 = 11.6.Hg(c);Cp = 168.7, Gp = 74/100,
+5v, Wind = -0.6/2.4 = 3,0, +10v, Wind = -2.8/43 = 7.1,
+20v, -14.8/8.4 = 23.2.Hg(E); Cp = 185.4, Gp = 106/134, +5v,
Wind = .0.6/2.3 = 2.9, +10v, Wind = {-2.44)/4.74 = 7.18,
+20v, Wind = Broke Down.

FMC-N-14; BTO-8-5/6

RTA 600C/10SEC., 410-360 NM.

AY(4, 6);Cp = 299.6, Gp = 96/173, +10v, Wind. = SONOS.
Hg(C):Cp = 303.6, Gp = 34/97, 15, 10, 20v, All Have SONOS
response. Hg(E); Cp = 281.6, Gp = 250/294, 135, 10, 20v All Have
SONQS response.

FMC-N-15; BTO-9-3

550C-60MIN. GROWTH

Al(4, 6);Cp = 345.6, Gp = >1.8E3, 5, 10, 20v, Too High GP
for C-V Hg(C);Cp = 118.3, Gp = 11/77, £5v. (-1.85)/1.45 =
3.3, £10v-0.96/2.2 = 3.16, +20v, 2.28/4.32 = 2.0v, .Hg(E);Cp =
136.4, Gp = 14/27 +5v, (-0.62)72.85 = 3.47, +10v, -0.8/2.64
= 3.44, +20v, Broke Down

FMC-N-16; BTO-9-4

300C-60 MIN.;RTA 600C/10SEC.

Al(12);Cp = 412.6. Gp = 539/417, +5v. =0, x10v, 4.16/4.7 =
0.54. Al(11);Cp = 423.4, Gp = 188/353, +Sv. =0, +10v, 4.3/4.6
= 0.3, +20v, SONOS. Hg(C): Cp = 321.5, Gp = 108/190, +5v,
~2, 10, 20v, SONOS. Hg(E): Cp = 268.7, Gp = 319/342, +5v,
~2.1, £10, 20v, SONOS.

FMC-N-18; BTO-10-2

300C-60MIN.;RTA 550C/10SEC.

Al(4, 6):Cp = 304.6. Gp = 126/217, +£5v, 3.36/3.5 = 0.14,
+10v,4.01/4.56 = 0.55. +20v, SONOS. Hg(C): Cp = 330.7,
Gp = 32/112, +5v, =1.4, £10v, 3.64/4.5 = 0.86, +20v4.6/8.4 =
3.8.Hg(E):Cp = 298.1, Gp = 27/88, +Sv. =1.28, £16, 20v,
SONOS.

FMD-25; BMF-8$i-167

100ABuffer Oxide

Al4, 6)Cp = 61, Gp = 10/13, £5 = -2.45/1.2 = 3.65. +10 =
(-3.9)/3.2= 6.7, +20 = 5.2/10.72 = 5.52;Hg(C)Cp = 78, Gp =
6/11, +5 = -2.55/1.92 = 4.47, +10 = (-2.64)/4.24 = 6.88, +20
= (-7.12)/12.48 = 19.6

FMC-N23; BMF-Si-168

100A Buffer Oxide

7786-6; BMF-8i-170

133A Buffer Oxide

W-1; BMF-Si-164

STRESS SAMPLE 362-245nm

Deposited 500A LTO

SENT TO VA TECH
5/1/92

FMC-N-19; BTO-104

550C-60min. 450nm

FMC-N-20; BTO-11-1

DEP 300C/60min, ANMEAL
600C0.5Hr

SONOS RESPONSE

7786-8; BTO-11-2

BUFFER 4% .5am. 550C/60min. 450
am.

FMC-N-22; BMF-S5i-171

BUFFER 100A TO. 300 -200nm.

Al(12) Cp = 109. Gp = 120/202, +5 = -3.33/ (-1.3) = 2.03,
110 = (-5.16) /2.5 = 7.66, £20 = -5.92/10.48 = 16.4; Hg(C) Cp
=93, Gp = 6/11, £5 = -1.1/1.69 = 2,79, +10 = (-3.2)/5.38
= 8§ 58, $20 = -9.2/12.08 = 21.28

FMC-N-21; BMF-8i-172

BUFFER 100A TO, 300 -200nm.

FMDOLX; BMF-5i-173

BUFFER 135A TO, 300 -20%nm.

Al(4, 6)Cp = 80.7, Gp = 3/7, +5 = -3.35/-1.35= 2.0, £10 =
-5.1/1.9 = 7.0, + 20 = -832/3.88 =172, Al(4,4): Cp =
67.6 Gp = 4/%, £5=-3.12/-1.2= 1.9, +10 == -5.1/1.9 =
7.0, + 20 = -8.56/8.96 = 17.52; Hg(C): Cp = 92,  Gp = 4/10,
$5 = -2.02/1.am 34, £10=-384/4.2 =804, + 20 =
B.76/01.4 = 20,16, HR(ES): Cp = 88, Gp = 5/11, 45 =
A0.15°2.1 = 2,25, 410 = -2.0/7.1 = 9.1, £ 20 = .9/11 = 20.0

TEMDO02X; BMF-5i- 174

BUFFER 135A TO, 300 - 20 mm.

Al(4, 6) Cp = BI, Gp = 3/7, 15 = -3.35/-1.35 = 2.0, +10 =
.5.1/1 9= 7.0, £20 = -8.32/8.88 = 17.2:Hg(V) Cp = 92,
Gp = 4/10, +5 = -2.02/1.4 = 3.4, +)0 = -3.84/4.2 = §.04,
£20 = -8.76/11.4 = 20.16.

LE7786-07; BTO-11 3

SSOC/30MIN. STATIC RUN, 242A

) BUFFLR
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FMD14X; BTO-11-4

Wafer # l Experiment l Test Results

550C/60MIN., 20RPM, TO = 506

Al(@, $)Cp = 173, Gp = 24/60, +5 = 0.45, £10 = 0.9, +20 =
2.72/-0.96 = 1.76  Hg(ES)Cp = 98, Gp = 9/18, +5 =
-2.18/-0.82 = 1.36, $10 = -2.3/-0.2 = 2.1,  £20 = -3.2/-0.3
=2.9

FMD-08X; BTO-12-1

SS0C/60MIN., ZORPM, TO = 256A

Al(12) Cp = 358, Gp = 170/294, £5 = -2.39/-1.86 = 0.53, +£10 =
.2.34/-1.08 = 1.26, +20 = -1.28/0.8 = 2.08,  Hg(EE) Cp = 98,
Gp = 10/18, £5 = -2.9/-1.7= 1.2, £10 = -3.6/-0.8 = 2.8, +20
= .5223=15,

W-2; BMF-5i-169

Va. TECH. STRESS MEAS.

SENT TO Va.TECH 5/22/92

700A LTO CAP

FMD-09X; BTO-12-2

550C/6OMIN., 20RPM, TO = 256A

Ti(4, C): Cp = 225/222, Gp = 41/94, £5 = ~1.1, +10 =
-1.2/0.52 = 1.72, $20 = -0.3/3.6 = 3.9, ;TW4EW): Cp = 22i/218,
Gp = 45/103, £5 = 0.38/0.1 = 0.48, +10 = (-0.6)/0.36 = 1.0,
420 = 0.2/2.8 = 2.6; HR(CC): Cp = 157/137, Gp = 102/376,
45 = -0.05/0.1 = 0.1, £10 = 0.1/0.2 = 0.3, +20 = (-0.2)/ 0.6
= 0.8, ; Hg(EE): Cp = 137/134, Gp = 65/51, £5 =
-0.2/0.42=0.62, +10=(-0.26)/ 0.72= 0.98, +20=0.2/1.8= 1.6;
Hg(EW): Cp=119/114, Gp = 13/70, +5 = 0.35/1.65 = 2.0, +10
= 0.66/1.9 = 1.24, +20 = -0.8/0.2 = 1.0;

FMD-15X; BTO-12-3

$50C/60MIN., 20RPM, TO = 506A,
S50mTORR

Tid, C): Cp = 146/149, Gp = 38/60, £5 = =0.1, +10 = -2.7/-1.9
= 0.8, $20 = -3.2/(-0.6) = 2.6; TH4EW): Cp = 130/148, Gp =
84/58, +5 =0, +£10 = 0, +20 = ~0.4;Ti(4, EE): Cp = 75/147,
Gp = 41/54, 45 = 0, 10 = 0, +20 = 0;Hg(CC): Cp =

119/126, Gp = 41/42. +5 = SONOS, £10 = SONOS, +20 =
SONOS; Hg(EW): Cp = 115/118, Gp = 20/30, ;+5 = =0.6, +10
= =1.2, +20 = 4.4/(-2.2) = 2.2; Hg(EE): Cp = 100/106,Gp =
31/28, £5 = ~0.5, 10 = ~1.2, 20 = 4.72/  (-1.2) = 3,52

FMD-16X; BTO-12-4

510/60MIN., 20RPM, TO = 506A,
SOmTORR

FMD-10X; BTOQ-13-1

490C/60MIN., 20RPM, TO = 256A,
50mTORR

Al(4, 6): Cp = 203/204, Gp = 51/60, £5 = -2.€8/-1.4 = 1.48, £10
= -3.2/ (-2.0) = 1.2, £20 = 4.4/-2.56 = 1.84; Al4, 4): Cp
= 191/191, Gp = 27/64, 15 = -2.7/-2.2 = 0.5, £10 = -2.96/-1.8
= 1.16, £20 = -2.8/(-1.2) = 1.6; Hg(CC): Cp = 146/145,Gp =
16/35, £5 = -2.8/-1.4 = 1.4, 10 = (-3.24)/ (-0.64 = 2.6, 120 =
Broke Down; Hg(ES): Cp = 158/154, Gp = 18/39, %5 =
-4.2/-3.4= 038, +10 = -5.6/-1.56 = 4.04, +20 = (-8.2)/5.2 =
13.4;Hg(EE): Cp = 147/142,Gp = 34/51, £5 = -2.92/-1.42 = 1.5,
10 = (-3.9)/-0.5 = 3.4, £20 = -4.88/0.88 = 5.76

FMD-11X; BTO-13-2

510C/30MIN., 20RPM, TO = 256A

Al(4, 6): Cp = 239/238,Gp = 40/99, 15 = -2.8/-1.9 = 0.9, %10
=-3,1/13 = 1.8, $20 = (-2.2)/0.6 = 2.8; Al(4, 4}: Cp =
241/240, Gp = 44/103, +5 = =0.8, +10 = -2.9/-1.4 = 1.5,
420 = (-2.32)/0 = 2.32; Hg(CC): Cp = 126/122. Gp = 12/26,
45 =-3.9/-3.1= 0.8, +10 = -4.6/-1.8 = 2.8, +20 = (-8)/-1.2 =
6.8, Hg(EN): Cp = 103/95, Gp = 3/12, £S5 = -2.93/(-0.05) = 2.88,
410 = -3.36/0.6 = 3.96, $20 = -2.72/(-0.2) = 2.52; Hg(EE): Cp
= 112/105, Gp = 10/19, +5 = -2.2/-C.4 = 1.8, £10 = -2.6/0 =
2.6, £20 = (-2.4)/0.6 = 1.8; Hg(EW): Cp = 92/81, Gp = 5/10,
45 = 1.5, +10 = -4.76/-1.56 = 3.2, $20 = (-8.4)/(-0.8) =
7.6;Hg(ES): Cp = 140/121, Gp = 14/22, +5 = (-2.28)/0.62 =
1,66, +10 = -2.36/-0.2 = 2,16, £20 = -3.28/0.32 = 3.6

FMDI13X; BTO-13-4

490C/20MIN, 256A BUFFER

Al(3, 12): Cp = 310/312, Gp = 38/142, £5 = -3.0/-2.7= 0.3, 10
=-32/-24 =038, £20 = -3.8/-1.6 = 2 2;Al(3, 9): Cp = I38/339,
Gp = 53/171, +5 = -3.0/-2.65 = 0.35, +10 = -3.24/-2.36 = (.88,
+20 = -4.2/-1.4 = 2.8, :Al6, 11): Cp = 73/65, Gp = 59/173, +5
= .3,1/ 2.65 = 045, +19 = .3.5/-2.24 = 1.26, +20 = -4.72/-1.16
= 3.56; Hg(CC)- Cp = 73/65,Gp = 8/11, £5 = -3.9/-1.6 = 2.3,
£10 = -4.5-0.3 = 4.5, £20 = -6.32/2.0 = 8.32; Hg(ES): Cp =
73/63. Gp = 8/11. £5 = 4.4/-2.6 = 1.8, t10 = -4.84/-0.64 =
4.2, £20 = -8.6/0.4 = 9.0; Hg(EW): Cp = 138/128, Gp = 112/111,
15 = -2.55-0.62= 1.9, +10 = -2.98/-0.1 = 2.88, 420 = .3.6/0
= 3.6,

frnn.
FMDO3; BTO-12-5

510C/20MIN, 135A BUFFER

Al(12): Cp = 409/404, Gp = 113/254, +5 = -2.23/-1.38 = (.85,
+10 = -2.26/-0.8 = 1.46, £20 = BrokeDown, ;AK9): Cp =
406/402, Gp = 109/248, t5 = -2.3/-1.45 = 0.85, +10 =
<2.38/0 84 = 1.54, 320 = BrokeDown:Al2, 13): Cp = 401,397, Gp
= 106/245, +£3 = -2.3/-46 2 0.9, +10 = -2.3/08 = 1.5, +20 =
BrokeDown; Hg(CC): Cp = 110/97, (ip = 42/43, +5 = .1.15/-0.4 =
0.95. +10 = 1.4/-0.2 = 1.2, +20 = BrokeDown;Hg(ES): Cp =
101/86, Gp = 12/16, £5 = -1.68/-0.32 = 1.36, £10 = -2 0/0 =
2.0. £20 = Broke Down;
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Wafer #

IFMD-(MX; BTO-14-1

550°C/20 MIN.;135A BUFFER, 10K
Al 150°C Dep &Photo Lith.

Experiment |

Test Results

AKC): Cp = 284/280, Gp = 42/145, +5=0.1, £10 = 1.0/1.36 =
0.36, £20 = SONOS;AI(ES):  Cp = 293/288, Gp = 47/154,
+5%0.1, +10=1.2/1.6 = 0.4, £20 = SONOS;AEM): Cp =
283/277, Gp = 47/157, £5w0.1, +10~0.1, +20 = 4.8/6 =
1.2;Hg(ES): Cp+314/307, Gp = 66/146, +5 = 0.05/0.72 =
0.67, +£10 = 0/0.7 = 0.7, £20 = SONOS:Hg(CC): Cp = 189/184,
Gp = 24/59, £5 = SONOS, £10 = SONOS, +20 = SONOS.

FMD-05X; BTO-14.3

§50°C/30 MIN.,135ABUFFER :NO
ROTATION;277 nm AT EDGE,
200mTORR

Al4, 9): Cp = 384/374, Gp = 217/341, +5 = -1.18/0.35 = 1.53,
+10 = -1.3/0.7 = 2.0, £20 = 0.6/2.32 = 1.72;Al6,6): Cp =
438/425, Gp = 195/352, +5 = -0.25/0.75 = 1.0, £10 = -0.3/

1.08 = 1.38, +20 = SONOS, Al(3. 12): Cp+393/384,Gp =
154/294, £5 = -0.87/0.65 = 1,52;+10 = -1.2/1.2 = 2.4, £20 =
SONOS; Hg(IR): Cp = 107/99,Gp = 182/168, 5 = 0, £10 =
SONOS; Hg(2R): Cp = 249/149, Gp = 229/39, 5 = -0.7/1.8 =
2.5, +£10 = .0,96/2.3 = 3.28, $+20 = 0, g(3R): Cp = 142/140, Gp
= 17/36, +5 = -3.1/2.1 = 5.2, £10 = .0.8/1.6 = 2.4, £20 =
Break Down.

MD-06X; BTO-14-4

550°C/30 MIN.;13SABUFFER;NO
ROTATION; 500mTorr

Al@, 4): Cp = 338/328, Gp = 58/238, £5 = 0.2/1.52 = 1.32, £10
= SONOS;Al(4, 5): Cp+321/ 308, Gp+58/354, £5 = 0.3/1.45 =
1.15, +10 = SONOS;Al4, 2): Cp+321/314,Gp = 74/189, 5
= 0.6/1.0 = 0.4, +10 = SONOS;Hg(IR): Cp = 74/63, Gp =
30/11, £5 = SONOS, £10 = SONOS;  Hg(2R): Cp+86/79, Gp

Cp = 131/ 122, Gp+15/47, +£5 = 0.22/1.08 = 0.86, +10 =
0.56/1.26 = (.7, £20 = Broke Dowa.

= 8/72, £5% 0.7, £10 = 2.6/5.8 = 3.2, £20 = SONOS; Hg(3R):

FMD-07X; BTO-14-5

550°C/30 MIN.;135A BUFFER;NO
ROTATION: 10 mTorr

AK12, 13): Cp+315/311,Gp = 122/226, £5 = -1.35/-1.15 = 0.2,
+10 = 4.01/0.2 = 4.21, +20 = -1.52/1.8 = 3.32;A18,12):
Cp+319/314,Gp = 177/275, 5 = -1.65/-0.5 = 1.15, +10 =
-3.9/0.76 = 4.66, +20 = -3.8/1.8 = 5.6;Al(12, 14): Cp = 322/319,
Gp = 104/215, +£5 = -1.4¥/-1.34, £10 = -3.5/-0.9 = 2.6, +20
= -2.92/2.4 = 5.3Z;Hg(R): (p< 170/168, Gp = 31/62, £5 =
-2.05/-0.85 = 1.2, £10 = -5.7/0.7 = 4.4, +:20 = -2.2/1.2 =
3.4;Hg(G): Cp+111/97,Gp+18/21, £5 = -1.85/G.85 = 2.7, +10
=-33/2.0= 53, £20 = -3.6/1.8 = 5.4; Hg(Y): Cp+150/142,
Gp+27/46, £5 = -2.25/-1.25 = 1.0, £10 = -4.4/-0.8 = 3.6, +20
= -1.1.8/1.0 = 2.8;

FMD-19X; BTO-15-1

§50°C/30 MIN.;506A BUFFER;NO
ROTATION;50mTosr

Al(3, 10): Cp = 165/165, Gp = 29/57, £5 = -3.1/-2.45 = 0.65,
410 = -3.41/-1.83 = 1.52, £20 = -2.88/-1.0 = 1.88;Al(3,7):
Cp = 144/102, Gp = 724/229, £5 = -3.3/.2.9 = 0.4, £10 = -3.7/
2.4 = 1.3, £20 = -4.32/-1.52 = 2.8;Hg(2R): Cp = 1331131, Gp =
14/29, +5 = -2.28/-1.78 = 0.5, £10 = -2.5/-1.56 = 0.94, +20 =
‘3.8/-1.2 = 2.6; Hg(4R): Cp= 133/128, Gp = 24/41, +5 = .2.38/
194 = 0.44, +10 = -2.4/-1.76 = 0.84, +20 = -1.4/-1.0 = 3.4.

FMD-20X; BTO-15-2

550°C/30 MIN. ;447A LTO
BUFFER;NO ROTATION;200mTorr

Ai(9, 12): Cp = 285/285, Gp = 48/124, £520.15. +10=0.4, +20
= .3.02/-1.8 = 1.32; AlS, 12): Cp = 279/278, Gp = 47/125,
+5~0, £1020.2, $+20~0.4;Hg(ZR):Cp = 117/114,  Gp =
20/21, 5 = -1.58/-1.05, £10 = -1.7/-1.0 = 0.7, £20 = -2.6/-1.0
= 1.6;Hg(G): Cp = 199/ 191, , Gp = 132/159, +5 = -1.65/-1.20
=045, $10 = -2.0/1.0 = 1.0, 20 = -2.72/0 = .72

FMD-21X; BTO-15-3

550°C/30 MIN. ;487 LTO
BUFFER;NQ ROTATICN; 200mTorr

Al(3. 20): Cp = 2497247, Gp = 22/76, £5=0.3, 110 = -2.1/-1.4
2 (0.7, £20 = -2.48/-0.4 = 2.08 AK3, 16): Cp = 285/283, Gp =
47108, +3=0, £1000, £20=0;Hg(IR): Cp = 196/183,

Gp = 141/102, £ 5 = -1.15/-:0.65 = 0.5, £10 = -1.4/-0.44 = (.96,
+20 = .2.4/0 = 2.4; Hg(1B): Cp = 187/176, Gp = 52/81,
43m0.3, $10 = -1.44/-0.6 == 0.84, +20 = Broke Down.

FMD-23X; BTO-15-4

550°C730 MIN.;487ALTO
BUFFER:NO ROTATION;200mTorr

AT, 5): Cp = 238/237, Gp = 30/73, £5=0.25, +10 = -2.3/-1.64
= 0,66, +£20 = -3.4/-2.08 = 1.32;,Al(5, 5): Cp = 250/249, tip =
IB/92, £5 0.4, £10 = 2.4/-1.76 = (.64, +20 = Broke
Down;Hg(2R)- Cp = #9/80. Gp = 12/15, +5 = -2.2/-1.6 = 0.6,
410 = -2.4/-1.5 = 0.9, +20 = -2.72/-1.4 = | 32;Hg(3R): Cp =
1217116, Gp = T4/8i. £ 5=0.5, +i0 = -1.2/-0.16 = 1.04 +20 =
-1.96/1.7 = 3,16

FMD-24X; BTO-15-3

6507/550°C/25 MIN.:48TALTO
BUFFER;NO ROTATION;200mTorr

Ald, 9)- Cp = 221/220, Gp = 43/95, £520.1, +10=0.2,
$10=0.4,AK5 7) Cp = 238/237,  Gip = 477105 45 w0 i,

+ 10w, $20 w0.4;Hg(2R): Cp = 103/101, Gp = 28/37. 5 =
QAROS = 0.9 £10 = - 1.44/0.9 = 1.04, $£20 = -1.8/0 -

L6 Hg(R: Cp = 130/127, Gp = 12/47, 45 = .1.62/-09 = 0 72,

105 LTRGE = 0.9 £20 = .2.0/-0.48 = 1.52;
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FMD 23X: RTO-16-1

L Wafer # _J_ Experiment

550°C/30 MIN., NO BUFFER;0 RPM
7 KA Al Dot

Test Results

AlG): Cp = 265/264, Gp = 570/566, + 10& + 20 Flat No
FERROCLECTRIC BEHAVIOR;AlF)' Cp = 345/343,Gp =

825/811, NO FERROELECTRIC RESPONSE;Hg(G): Cp =
229/228,Gp = 707/707, NO FERROELECTRIC RESPONSE;

Comments

ME 01; BTO-15-2

550°C/30 MIN., NO BUFFER: 0
RPM, IKA Al Dou>

+10;Cp = 357/355, Gp = 176/170, N) Ferroelectric Response At
£10 V& £20 V, Broke Down At 40 V.

FME 02: BTO-16-4

470°C/20 MIN., BUFFER 200A TO,
20 RPM, 200mTorr

Ald, 6): Cp = 152/225,Gp = 42/7%, £5=1.3, £10=3.5,
120~3.6; AN, 4): Cp = 117/184, Gp = 23/57, t5~14,
+10~2.6, £20~3.6;  Hg(CC): Cp = 132/115, Gp = 109/86,
45m1.6.+10m1.7, $20~3.6;  Hg(ES): Cp = 74/62, Gp =
97, +5mid +10m4.2, $20m19.6.

FMEF. 03; BTO-16-5

450°C/20 MIN., BUFFER 200A TO,
20 RPM, 200mTorr

Al(12): Cp = 141/258,Gp = 25/76, £S5 ~1.3, +10 3.5,
£20m7.12;  AM9): Cp = 146/251, Gp = 31/80, +5~1.5,
+10=3.7, $20m7.2; Hy(CC): Cp = 128/172, Gp = 9247,
45%1.7, +10m2.8, £20~3.4; Hg(ES): Cp+105/166, Gp =
17133, $5%2.3, $+10~4.5. +20 = 3.6;

550°C/30 MIN., NO BUFFER, 0

204, 3Hr , ANNEALED 650°C

------ : BTO-16-3 +10V, Cp = 459/26. Gp = 175/3, Al(4, 15): SONOS;Al(%, 18):
RPM +10=0.76, £20 = SONQCS.
MVE-100PO6 SPUTTERED BTO, Rm.Temp.120W, }410 V;Cp = 514/18, Gp = 543/14, AK4, 7) ZAl(4. 9) Dots

SHOWED NO FERROELECTRIC RESPONSE.

FME-08; PZT-01-1

TO(10), N(40), PZT, $50°C/30 MIN.,
300mTORR., RPM 0, 1 KA Al

AI(S, 11): Cp = 59/72,Gp = 11/13, +5 = ~0.6, £10~ 1.9,
$+20=2.2; Al(8, 14): Cp = 51/59, Gp = 9/11, £5=0.35,
+10~1.3, +20~2.4; Hg(1B): Cp = 46//48, Gp = 10/12,
+5=1.3, £10m2.3, £202.2; Hg(2B): Cp = 62/69, Gp =
9/10, £5%0.6, +10=1.7, +720~2.0;

FME-09; PZT-01-2

TO(10), N(40), PZT 550°C/30 MIN.,
300mTORR, RPM 0

Al(A): Cp = 61/61, Gp = 129/232, £5=0.1, £10~0.3, £20 =
Brokc Down, AlB): Cp = 61/59, Gp = 140/4&4, +5=0,
+10~0.2, £20 = Broke Down; Hg(C): Cp = 52/52,Gp = 6/8,
£50.7, £10~2, +20 = 0/2.6 = 2.6, Hg(E): Cp+50/50, Gp =
6/8, +5=0.7, £10m2.2, £20 = 0/2.88 == 2.88.

FME-10; PZT-01-3

TO(10), N(40), PZT 550°C/40 MIN. ,
300mTORR, RPM 20,

ANE, 9): Cp = 46/36. Up = 5/7, £5=0.45, L10~1.8, £20 ~2.8;
AI3, 6); Cp = 60/66, Gp = 9/10, £5=0, £10m1.1, £20~2.4;
Hg(C): Cp = 27/36,Gp = G/3, £5+15, +10~3.4, £20m6.5;
Hg(ES): Cp = 41/42, Gp = 4/4, £5~0, +10m3.0, £20 m4.6;

FME-11: PZT-01-4

TO(10), N(40), PZT 500°C/40 MIN.
300 mTORR , RPM 20

AKA. 6). Cp = 40/68. Gp = 12/7, £5=0.6, £10=1.6.220 =
SONOS, Al(3, 5): Cp = 46/61, Gp = 6/8, +5=0.6, +10m1.4, £20
= SONOS, Hg(C): Cp = 38/52, Gp = 32/4, £5=2.2, £10~4.5,
+20=6.2; Hg(ES): Cp = 46/53, Gp = 4/5, +5=2.2, £10=3.8,
+20~4.8.

FME-04; BMF-Si-178

DEP 150°C, 3000A, ANNEAL 480°C
t KA Al Dows.

Ald, 6): Cp = 58/81, Gp = 12/14, £10<:2.0, +£20=6;Al(4, 4): Cp
= 65/87, Gp = 13/15, $+10~1.4, £20=3.2;Hg(C):Cp = 56/97, Gp
= 33/53, +5m2.5 £10~3.4, +20~6.8;Hg(ES): Cp = 65/82, Gp =
16721, £5~1.9, £16 = »3.1, +20~8.2;

T
FMD-12X; BTO-13-3

510°C/20 MIN., 256A BUFTER TO,
200mTorr, 20 RPM, 450nM BTO

Al(4, 12): Cp = 284/286,Gp = 42/129, +5 = =0.2, +10 =
-2.8/-1.9 = 0.9, £20 = -2.4/-0.2 = 2.2, ;Al(4, 9): Cp = 287/288,
Gp = 42/128, 45 = »0.2, £10 = -2.8/-2.6 = 0.7, £20 =
-2.6/-0.6 = 2.0, Al{l, 10): Cp = 2837285, Gp = 43/126, +5 =
=02, £10 = -2.6/-1.6 = 1.0, +20 = -2.48/-0.08 = 2.4, ;Hg(CC):
Cp = 1487123, Gp = 111726, +5 = -1.98/-1.02 = 0.96, 110 =
<2.2/-0.7 = 1.5, £20 = -2,32/.0.2 = 2.12, ,Hg(ES). Cp = 116/111,
Gp = 12/21, 45 = ~ 1.1, +10 = -4.7/-1.8 = 2.9, +£20 =
-7.6/-0.88 = 6.4, ;Hg(EN). Cp = 118/117,. Gp = 164/161, £5 =
S1L.B5/0.82 = 1.06, £10 = -2.04/-0.6 = 1.44, $£20 = -2.4/-0.48 =
1.92;

P7I T, BME-Si- 187

DEP 20072, 25004 . ANNFAL 480°C
IN Hy. 1 1A Al Do

!

ANC): “p = T8/87, G = 160/138, 10 = FLAT, 2064,
A«E): Cp = 76/85, Gp = 157/144, £10 = FLAT, $20 ~4.88,
H7C): Cp = 66/80, Gp = 110/116, £5« 0.7, +10~1.5, $20 =
16/3.4 = 19.4;Hg(EN): Cp = T2/85, Gp = 1317130, +10~ 1.2,
420 = -17.7/-2.6 = 15.2.

P/P*: BMF-Si-180

LARGE PIECE, BE5T POLY, 200°C,
2800A. ANNEAL Hj, 1 KA A
Dots.

Al(4): Cp+105/40. Gp = 15/5, 1 10&20 = FLAT:Al(B): Cp =
4750, Gp = 30127, £10&20 = FLAT:Hg(C): Cp = 72/54, Gp =
32/40, £5%0.6, £10 = 1.3, +20 = 12.4;Hg(EN):Cp = 58/59, Gp
2 35/73, $5%0, +10=1.0, £20 ~ 10.8.
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Wafer #

(383-102

FME-15:8TO-i7-1

200ATO, 470 C°/19 MIN., 20 RPM,
10 mTORR

AL, 10): Cp = 68/227, Gp = 31/63, £5=0.25, £10w1.7,
£20=3.5; A9, 7): Cp = 1377242, Gp = 28/75, £5=0.2,
+100.6, $20=2.5; Hy(CO): Cp = 84/142, Gp = 55/233,
+5=0.4, +10m2.7, +20=8.0; Hg(ES): Cp = 100/205, Gp =
43/136, £5~0.5, +10=2.9, +20~10.2;

Experiment | Test Results | Comments

FME-16:(383-103) BTO-17-2

200 A TO, 450°C/30 MIN, 0 RPM,
10 mTORR.

Al(2, 10): Cp = 208/207,Gp = 37/69, +5 = -2.68/-2.38 = 0.3,
$10 = -2.7/-1.6 = 1.1, £20 = -10.72/-4.48 = 6.24; Al(2, 9): Cp
= 181/181, Gp = 32/58, +S=0.15, +10 = -5.4/-3.2 = 2.2, 20
= .1$.0/-2.88 = 8.12;HR(EN,G): Cp = 204/199, Gp = 189/216,
+5=0.25 £10 = -4.44/-1.7 = 2.74, £20 = .7.42.4 =
9.8;Hg(EN, B): Cp = 211/208,Gp = 31/63, +5~03, £10 =
-5.96/-3.1 = 2,65, +£20 = -9.4/-0.2 = 9.2;

FME-17:(383-104] BTO-17-3

200 A TO, 450°C/30 MIN, 0 RPM,
10 mTORR.

Al(3, 14): Cp = 238/237,Gp = 27/68, £5 = 4.77/-4.52 = 0.25,
410 = -5.36/-3.84 = 1,52, +20 = -10.72/4.48 = 6.24;Al(4, 12):
Cp = 256/255. Gp = 43/89, +5=0.18, +10 = -3,9/2.3 = 1.6,
+20 = -6.56/-2.08 = 4.48;Hg(G): Cp = 86/80, Gp = 21/23, +£5 =
1.4/-3.18 = 0.22, £10 = -3.1/0 = 3.1, £20 = -6.2/5.0 =
11.2;Hg(P): Cp+163/158,Gp = 25/44, +5~0.1, £10 = -1.44/.0.8
=064, +20 = -6.2/1.4 = 7.6;

FME-18,BTO-174

200A TO, 450°C/30 MIN, 0 RPM
50 mTURR.

Al(5, 2)' Cp = 269266, Gp = 58/115, +5 = -1.5/.0.75 = 0.75,
+10 = SONOS, AKS, 4): Cp = 2647263, Gp = 55/113, 5 =
-2.35/-1.65 = 0.7, +10 = -2.7/-1.0 = 1.7, +20 = BROKE
DOWN; AK3, 2): Cp = 266/264, Gp = 59/115, +5 = -1.85/-1.0
= (.85, +10 = SONOS, Hg(2R): Cp = 88/83, Gp = 49/50, %5
= -0.86/-0.1 = 0.76, £10 = SONOS, Hg(3R): Cp = 182/165,
Gp = 114/120, +5 = -1.58/-0.65 = 0.93, +10 = -1.78/-0.5 =
1.28, +20 = BROKE DOWN;

LE7786-09;BTO-18-1

200ATO, 450°C/20 MIN., 200mTORR
20 RPM.

ION MILLED AT STC

LE7786-10; BTO-18-2

200A TO, 450 °C/20 MIN., 50m
TORR, 20 RPM.

(4, 9): Cp = 199/186, Gp = 240/314, £5 = -0.4/1.05, £10 =
-0.76/1.6 = 2.36, £20 = 1.28/5.2 = 3.92; (4, 7): Cp = 200/196,
Gp = 253/283, £5 = 0/1.15, £10 = -0.36/1.76 = 2.12, +20 =
1.92/5.68 = 3.76; (3, 6): Cp = 201/198, Gp = 201/229, +5 =
0.65/1.65= 1.0, £10 = -2.12.3 = 2.4, 20 = 2.88/7.0= 4.12.

ION MILLED AT $71C

FME-19:BTO-18-3

550°C/20 MIN. 50 mTorr, 300°C/3
MIN. 200mTorr, 20 RPM.

Hg(CC): Cp = 1167111, Gp = 18/24. £5 = -0.3/0.05 =
0.35:+10~0.2, +20 = SONOS;Hg(EN): Cp = 146/141, Gp =
114/125, £5 = -0.25/0.05 = 0.3, +10=0.05, £20 =
SONOS;Hg(ES): Cp = 89/141, Gp = 45/95, +3=0.4. + 10=0.2,
£20 = SONOS,

FME-20.BTO-18-4

550°C/20 MIN., 10 mTORR, 20
RPM, TO 200A.

Al(4, 6): Cp = 2117211, Gp = 0.5/57, 15 = -3.65/-2.95 = 0.7,
+10 = 4.9/-2.84 = 2.06. +20 = -7.0/-0.2 = 6.8,AK5, §): Cp =
$5/193. Gp = 8/50, +5~0.4, +10w1.76, +20 «6.0;8(CC): Cp =
127/121.Gp = 10722, £5 = -2.85/-0.4 = 2.45, +10 = -3.9/0.1 =
4.0, $20 = -3.56/-0.2 = 3.36;Hg(ES): Cp = 156/155. Gp =
239/57, £5 = 4.15/-2.05, = 2.1, +10 = -5.38/-1.0 = 4.38, +20
= .5.52/-0.2 = 5.32.

FME-12;PGO-1-1

100A TOX/400A NITRIDE, 0 RPM,

Al(4, 12): Cp = 54/59, Gp = 15/8, +10&+20&+S50NO
FERROELECTRIC ~ AKS, 11): Cp = 65/75, Gp = 17/13,
+10&+20 NO FERROELECTRIC  Hg(C): Cp = 62/69, Gp =
8/8, % 10& 320 NO FERROELECTRIC WINDOW

FME-21;BTO-18.5

470°C/39 MIN., 10 mTORR, 0 RPM

AN(E. 2): Cp = 122/175,Gp = 30/54, +5= 0, +10= 2.1, +20 =
6.2 A6, 3): Cp = 96/176.Gp = 23/62, +5+= 0.2, +10~ 1.1,
$20 6.8 Hg(C): Cp = 88/84, Gp = 29/26, +S5=0, 110w 2.6,
+20~ 6.4 Hg(CC): Cp = 77/80, Gp = 41/48, +50,
+102.7, $+20m7.2

FMMEF-013;BMF-5i-185

G.T. = 150°C, RTA 600°C, 10
SEC., IN H2/N,, 270 oM AT
CENTER

Al(9, 10): Cp = 108/101, Gp = 14/56, +5 = 1.12/3.0 = |.88.
+10 = 0.1/3.5 = 3.4, $20 = -1.2/10.8 = 12.0, AKS, 8): Cp =
114/107,Gp = 16/63, +5 = 0.85/2.65 = 1.8, +10 = -0.5/3.44 =
3.4, +20 = -2.88/9.2 = 12,08, Hy(CC): Cp = B4/8S, Gip =
25/43. £S5 = -1.6/3.52 =512, £10 = -3.52/4.44 = 8.06, +20
= BROKE DOWN, Hg(ES): Cp = 106/102, Gp = 34/61. £5 =
S1.72/2.95 = 4.67, £10 = -3.32/4.24 = 7.48, 120 = -14.8/6.48
= 21.28

FMF-09,BTO-19-1

100A TO/200A NIT., 450°C/30 MIN.,
50 mTORR, 0 RPM

Al(S, 2): Cp = 209/209, Gp = 0.5/52, +5 = -3.6/-2.15 = 1.45,
+10 = 4.36/-1.36 = 3.0, +20 = -2.4/2.88 = 5.28, AKS. 3):
Cp = 185/185, Gp = 54/92, +5 = -3.25/-2.2= 1.05, +10 =
3.8-1.5= 2.3, $£20 = -1.0/2.36 = 3.36, Al4.2): Cp =
203/202, Gp = 28/61, £10 = .3.56/-0.72 = 2 44

LASER FOCUS
PROBLEM.

92




Wafer #

FMF-10;BTO-19-2

Experiment

100A TD/200A NIT., 450°C/30 MIN.,
50 mTORR, 0 RFM.

p———

Test Results I Comments

Al(15/14): Cp = 240/240,Gp = 55/101, +5 = 4.25/-3.78 = 0.47,
+10 = 4.7/-3.4 = 1.3, +29 = BK DOWN, AKl6, 16): Cp =
207/206, Gp = 48/80, +5 = -3.48/-1.75=1.73, t1) =
-3.96/-0.74 = 3.22. Hg(C): Cp = 77/68, Gp = 6/11, +5 =
-2.7/-1.05 = 1.65, "£10 = -3,44/ -0.56 = 2.88, +20 = -0.6/3.8
= 4.4, Hg(E): Cp = 172/171, Gp = 37/57, £5 = -2.8/-23
= 0,5, +10 =-3.8/13 =25, +£20 =-52/26= 7.8.

FMF-11;BTO-19-3

100ATO/200ANIT.. 450°C/30 MIN.
50mTORR, 0 RPM

Al(5, 3): Cp = 214/213. Gp = 46/80. +5 = -3.8/-1.9 = 1.9,
+10 = -2.36/-0.8 = 1.56, £20 = -1.72/3.8 = 5.52, Al(4,2): Cp
= 220/219, Gp = 54/92, 5 = 4.05/-2.2 = 1.85, £10 =
-5.36/-1.24 = 4,12, $20 = -2.88/3.6 = 6.48, Hp(A): Cp =
1200112, Gp = 12/20, £5 = -2.4/-1.3 = 1.1, £10 = -2.7/-0.84
= 1.86, +20 = -0.4/2.4 = 2.8, Hg(B): Cp = 143/139, Gp =
17728, +5 = -2.05/-1.38 = 0.67, +£10 = -2.3/-1.1 = 1.2, 20
= BK DOWN.

FMF-12;BTO-194

100ATO/200A NIT., 550°C/30 MIN.,
50 mTORR, 0 RPM.

Al(13. 17): Cp = 382380, Gp = 65/192, £5~0.25, +10 =
2.1-1.2= 0.9, +20 = BROKE DOWN, AI(11, 14): Cp =
421/421,Gp = 239/239,  £§ = -2.6/-2.1 = 0.5, 10 =
-2.84/-1.6 = 1.24, +20 = BK DOWN, Hg(IR): Cp =
270/152, Gp = 84/38, +5 = -2.55/-0.95 = 1.6, +10 =
-2.8/-0.3 = 2.5, +20 = BK DOWN, Hg(2R): Cp = 117/117,
Gp = 61/52, +5 = -13/0.3= 1.6, +10 = -1.86/-0.2 = 1.66,
$20 = -1.12/0.2 = 1.32.

FMF-16;PGO-2-1

100ATO/200ANIT., RT. 50mTORR,
30 MIN., 0 RPM, FURNANCE
ANEAL

Hg(R): Cp = 44/51, Gp = 16/9, +10=~0.6, +20 = -9.28/-8.2= 1.0

FMF-17.PGO-2-2

100ATO/200A NIT., RT, 50 mTORR,
30 MIN., 0 RPM, RTA

Hg(R): Cp = 61/66, Gp = 13/46, +5 = -2.8/-2.62 = 0.18, +10
= -3.0/-2.56 = 0.44, 120 = -6.8/-0.64 = 6.16

FMF-18,PZTO-2-1

100ATO/200ANIT. 550°C/30 MIN.
300 mTORR, 0 RPM

Al(3, 3): Cp = 114/114,Gp = 22/49, £5 = 0.4/1.7 = 1.3, 10 =
0.56/1.5 = 0.94, 20 = SONOS; Al(2, 2): Cp = 101/100, Gp =
19/34, +5 = 0.52/1.88 = 1.36, +10 = 0.8/1.7 = 0.9,. £20 =
SONOQOS, Hg(A): Cp =45/43, Gp = 3/9, £5=-1.3/3.0=43,
+10 = -2.56/4.6 = 6.66, +20 = SONOS; Hg(B): Cp = 50/48,
Gp = 4/8, +£5=0.454.1 =365, +10 = -2.1/4.5= 5.6, +20
= 2.88/4.2 = 1.32,

FMF-19,PZT-2-2

100A T0/200 NIT, 550°C/40 MIN.
300 mTORR, 0 RPM

AK10/15): Cp = 60/46, Gp = 12/25. +10~0, +20=~0; Al(9, 9):
Cp = 82/56, Gp = 26/24, +10=0.2, +20=0.2; Hg(A): Cp =
37731, Gp = 8/12, +5=~0, +10~3, +20w~3, Hg®): Cp =
59/49, Gp = 35/27, $5=~0, +10w1.2, $£20~3.2,

FME-22;BTO-19-5

550°C/30 MIN., 200 mTORR, 0 RPM

Al(S, 3): Cp = 273/271, Gp = 59/132, +5 = -1.1/-0.85 = 0.85,
410 = -2.1/-0.4 = 1.7, +20 = 0.2/1.28 = 1.48. Al4, 5): Cp =
272284, Gp = 312/138, +5 = -3.6/-3.22= 0.38, +10 =
4.2/-2.98 = 1,22, +20 = BROKE DOWN, Hg(IR): Cp =
162/157, Gp = 176/190, +5 = -1.5/0.15 = 1.65, +10 =

-1.84/0.4 = 2 24, +20 = -0.72/2.08 = 2.8, Hg(2R): Cp =
63/156, Gp = 11/38, +5~14, 110=~3, +20 = BROKE
DOWN.

FME-23;BTQ-20-1

550°C/40 MIN. 10 mTORR, 0 RPM

Hg(C): Cp = 1897187, Gp = 143/173, £5 = -1.5/-1.3 = 0.2: £ 10
=-3.0/ -1.24 = 1.76; £20 = SONOS

FME-24,1BTC-3-1

5$50°C/40 MIN., 50 mTORR, 0 RPM

Al(10, 16): Cp = 311/310, Gp = 28/116, ¥5 = -2.38/-1.48 =
0.9, $10=-28-0.76=2.04, +10 = -2.8/-0.76 = 2.04, +20
= -2/4.4 = 6.4, AKS, 13): Cp = 361/361, Gp = 44/164, +5 =
2.15/-1.5 = 0.65, +10 = -2.8/-0.76 = 2.04, +20 = -2/4 5 =
6.5. Hg(1Ry: Cp = 102/100, Gp = 25/31, +5 = -2.4/.0.35 =
2,05, £10 = -2.64/0.3 = 2.4, +20 = BROKE DOWN,
Hg(ZR): Cp = 111/108, Gp = 93/98, +5 = -2 55/-0.62 =
1.93, £10 = -4.6/0.44 = 5.04, £20 =  -7.56/4.08 = [1.64;
AFTER 400°C/1 He. BAKE 250mTORR Oy:  AK10, 13): Cp =
311/308, Gp = 30/114, 10 = -2.6/2.2 = 4.8, Hg(IR): Cp =
151/244, Gp = 31/205, £10 = -2.811.8 = 4.6. HgGR: Cp =
83/83, Gp = 7/14, $10 = -2 /1.1 = 4.3,

FMF.5;LBTO-3-2

100ATOR00ANIT., 550°C.
SOmTORR, 0 RPM.

AK10, 15), Cp = 175/175,Gp = 72/74;£ 10 WINDOW = 0; AI(10,
9), Cp = 2187218, Gp = 174, +10 WINDOW = 0. Hg(IR);
Cp = 111/11], Gp = 12/20, +5 = -3.7/-1.92= 1.78, +1C =
4.92/-1.0 = 3.92, +20 = -9.04/1.6 = 10.64

FAMFY¥-10, 3; LBTO-3-3

200A TO, 5§59C, 50mTORR, LONG
DEP. 0 RPM.

A6, 5): Cp = 112/112, Gp = 48/46. +1C WINDOW = 0; ALS,
S} Cp = 124/124, Gp = 53/53, +10 WINDOW = 0.
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FMF-6;BT0-20-2/ CJYBCO-
1B

450°C/40 MIN., 200mTOFR, 0 RPM
, SUPER COND, 550°C/30 MIN 0
RPM

Sent Back To STC

Wafer # l Experiment l Test Results I Comments

FMF-7,LBTO-3-4 YBCO

450°C/2 Hr(SHz), 100ATO/200A MIT,

200mTORR. 0 RPM .

Sent Back To STC

FMF-08;BTO-20-3

100ATO/200ANIT., 450°C/2Hr.,
SHz., 200mTORR, 0 RPM.

Al(15, 10): Cp = 238/238, Gp = 95/95, +£20 Window = 0;
AI(11, 10); Cp = 218218, Gp = 74/74, +£20 = Window = 0.

FMG-02;BT0O-20-4

450°C/2Hr., 5Hz.. %0mTORR. 0
RPM

Al(S, 6): Cp = 2711271, Gp = 114/114, +20 Window = 0;
Al(7. 8): Cp = 252/252, Gp = 100/100, +20 Window =0

FMG-01;LBTO-2-1

450°C/2Hr., SHz., 200mTORR, 0
RPM

Al(6, 4): Cp = 158/158, Gp = 37/37, £20 Window = 0,
Al4, 5): Cp = 176/176, Gp = 50/50, +20 Window = 0.

FMEF-20,BTO-21-3

YTTRIUM BUFFER-YSZ-1-1;450°C/
20 MIN., 10 Hz, 0 RPM. 5E4 Oy,
BTO 450°C/2S MIN., 10 Hz, (o}
RPM. SE-4 0.

INDIUM DOTS ON TOP BTO HAD HIGH CONDUCTIVITY; +2
VOLTS =0.1 V WINDOW

FMF-23;LBTO-1-1

450°C/40 MIN., 200 mTORR, ITO
DOTS ON LBTO, 0 RPM.

ITO(3, 4): Cp = 185/174, Gp = 1034/1006, +5 = 0/0.43, £10 =
-0.2/0.64 = 0.84, +20 = 0.8/2.36 = 1.56; ITO(3, 6): Cp =
210/201, Gp = 12571218, +5 = -0.2/0.35 = 0.55, +10 =
-0.4/0.5 = 0.9, +20 = 1.0/2.8 = 1.8; Hg(1R): Cp = 275/264, Gp

= 576/619, £5 = -, £10~0.1, +20 = BROKE DOWN,
Hg(2R): Cp = 202/198, Gp = 99/133, +5~0.1, £10~0.2,
+20 = SONOS, Hg(OR): Cp = 347/327, Gp = 496/554,

+5=0.1, $10=0.2, +20 = SONOS.

FMF-24,1.BTO-1-2

450°C/40 MIN., 50mTORR, 0 RPM,
ITO DOTS.

ITO(4. 5): Cp = 183/189, Gp = 1223/1203, £5=0, +10=0,
£20~0, ITO@,3): Cp = 285/275, Gp = 677/706 +5 =0,
$10~0, $20~0. Hg(IR): Cp = 487/452, Gp = 1520/1589,
45=0, +10=0, +20~0. HgOR): Cp = 130/129, Gp =
62179, +5=0, +10~0.1, +20=0.2.

FMF-25:LBTOQ-1-3

450°C/66MIN., 50mTORR, 10Hz, 0
RPM, TiW 700A DOTS ON LBTO

TiW(S, 4): Cp = 275/263, Gp = 1078/1098, £10 = 0, +20 = 0;
TiWE3. 6): Cp = 189/177, Gp = 1587/1551, 10 = 0, +£20 = 0;
Hg(OR): Cp = 153/151, Gp = 176/195, +10 = 0, 20 = 0;
Hg(3R): Cp = 164/162, Gp = 61/83, +10 = 0. +20 = 0;

FMG-3;BTO-21-2/ PGO-2-3

BTO 450°/5 MIN. 200 mTORR, 0
RPM

FMG-4;BT0-21-2

R.T./40 MIN, 290mTORR, 10Hz, 0
RFM

Hg(G):Cp = 12.6, +20~2.0, Hg(F); Cp = 19, +£20~1.4,
Hg(B); Cp = 13.7, $+20~1.4.

FMG-12.LBTO-24

450°C/40 MIN. 10Hz, S0 mTORR, 0
RPM

FMG-1X;BTO-214 (FMG-25)

450°C/30 MIN., 200rmaTORR. 10Hz,
0 RPM

Hg(R):Cp = 201.4. £10~2.45, Hg(Q); Cp = 200.4, t5~1.8.
Hg(N); Cp = 202.3, £20~2.4, Hy(L); Cp = 146.6, +10~11,
Hg(K); Cp = 144.8, +5~1.8, Hg(E)iCp = 146, +20x14.8,
Hg(D); Cp = 223.3, +5=1.68, Hg(C); Cp = 225.3, Hg(B); Cp
=225, $+202.9.

FMG-3X;BTO-21-6

450°C/30 MIN., 50mTORR, 10Hz,
0 RPM

Hg(F)iCp = 488, +10~0.45. Hy(E);Cp = 395, +20~0.8,
Hg9C): Cp = 293, +10=~0.3, Hg(A):Cp = 290, +20~0.7.

FMF-22;LBTO-2-3

450°C/40MIN., S0mTORR, 0 RPM,
1400A TiW DOTS ON LBTO

TiW@3, 4): Cp = 490/460, Gp = 1005/1155, +10 = 0, 120 = 0,
TiW(2, 4): Cp = 637/599, Gp = 850/1139, +10 = 0, +20 =0
Hg(1R): Cp = 344/332, Gp = 652/782, +£10 = 0, +20 = 0;
Hg(ZR): Cp = 432/412, Gp = 652/782, +10 = 0, +20 = 0;

FMG-13;LBTO-1-4

550°C/30MIN., 200mTORR, 0 RPM,
600A QUARTZ CAP (SPUTTERED)

Hg(1R): Cp = 103/103, Gp = 16/27, £5 = 1.32/2.08 = 0.76,
+10 = 1,06/2.2 = .14, $20 = 1.4/3.52 = 2.12, Hg(2R): Cp =
97/96, Gp = 16/25, +5 = 1.25/1.92 = 0.67, +10 = 1.1/2.2 =
1.1, £20 = 0.8/3.12 = 2.32;

FMG-2X;BTO-21-5

450°C/30MIN., SOmTORR, 0 RPM,
600A QUARTZ CAP

Hg(IR): Cp = 2137210, Gp = 158/205, +5 ~0.2. +10~0.1,
+20~0.2, Hg(2R): Cp = 148/148, Gp = 66/108, +5 = 0.5/0.65
=0.15. £10 = 0.5/0.9 = 0.4, $+20~0. "

FMG-SX;15T0-2-5

550°C/30MIN.. 200mTORR, 0 RPM,
200A OX BUFFER.----AFTER 600A
SPUTTERED QUARTZ CAP

NO CAP: Hg(C);Cp = 151/150, Gp = 16/37;15 = -3.22/2.58 =
S8, £10=-22/3.2= 54, 20 = BOOKE DOWN; Hg(1R);Cp
= 239/233, Gp = 173/227, 45 = -0.65/0.1 = 0.75, +10 =
-0.65/0.45 = 0.4, +20 = BROKE DOWN;-----..CAPPED:
HR(CC)Cp = 89/89, Gp = 35/18, +5 = -1.1/0.35 = 0.75, $10
w.1.2/0 = 1.2, £20 = 1.0/1.88 = 0.88, Hg(R);:Cp = 114/114,
Gp = 16/29, 15 = -1.68/038 = 1.3, £10 = -1.84/0 = .84,
420 = -1.0/1.0 = 2.0.
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FMG-4X:BTO-21.7

Wafer # ' Experiment

450°C/30 MIN., 50 mTORR, 0 RPM

Test Res'ultsmm=

Hy(C); Cp = 152/147, Gp = 77/58. £5 = -0.78/3.05 @ 3.83; +10
m 0,6/2.01 = 1.41; £20 = SONOS; Hg(IR); Cp = 312/298, Gp =
633/689, +5«0, +10 = SONOS.

| Comments

PENN. $T. BTO ON Si

NO ORSERVABLE HYSTERESIS

PENN. 8T. BTO ON
NITRIDE

Hg(L): Cp = 166.5, +10=0.6. Hg(A): Cp = 180, +20=5.6.

PENN. ST. PGO ON Si [G-31

Ha(A); Cp = 34.36/36.27, Gp = 2.3/4.5. £5%2.6, +10~5.6.
+20= 7.8, AFTER ANNEAL 500°C/2Hr. 250 mTORR OX.
Hg(AA);Cp = 70.84/65.17, Gp = 20/17, +5=0, +10~5.5,
+20 8.8

PENN. ST. PGOON Si LG-32

Hg(G); £50 w25, Hg(F);Cp = 32.42. +42%22.5, Hg(E);Cp =
32,22, $35=17.5, Hg(D):Cp = 31.53, +20~8.5, Hg(C):Cp =
30.32, +10~3.6 ANNEAL 500°C2Hr. 250mTORR OX. Cp =
45.64/42.15, Gp = 14/8, 150, £10=1.9, $£20 = SONOS.

PEMN. ST. PGOON Si L.G-33

NO OBSERVABLE HYSTERESIS

PENN. ST. PGO ON Si LG-34

Hg(E);Cp = 39.72, +50 =4, Hg(C): £50~6.1

FMG-6X; BTO-22-1

550°C/30MIN. 200mTORR, 0 RPM.

Hg(C); Cp = 184/120, Gp = 246/342, +5~6.1, +10 = 2.1/8 8
= 6.7, £20 = SONOS; Hg(IR); Cp = 207:198, Gp = 255/355,
+5~0, £10 = SONOS

FMF-21; LBTO-2-2

550°C/40MIN. 50mTORR, 0 RPM

Hg(C); Cp+529/507, Gp = 401/622, %5 = 0.62/0.9 = 0.28, +10
= 0.4/0.96 = 0.56, +20 = 2/3.2 = 1.2; Hg(1R): Cp = 208/205,
Gp = 16/56, +5 = 0.15/0.52 = 0.37. +10 = 0/0.76 = 0.76,
420 = BROKE DOWN.

FMG-14; LBTO-1-5

550°C/33MIN. 200mTORR. 0 RPM,
BUFFER Ox/NITRIDE OXIDIZED

Hg(1R); Cp = 292/285, Gp = 515/56Z, +S=0.25, +10~0.5,
420 = 1.0/1.92 = 0.92, Hg(C); Cp = 459/457, Gp = 351/478,
£5+0.3, 10 = -1.6/-1.06 = 0.54, +20 = 1.0/2.52 = 1.52,

FMG-15; NBTO-1-1

OX/NIT. BUFFER, 550°C/30 MIN.
200 mTORR. 0 RPM.; TiW Dots
Deposited Through Mask

Hg(C):Cp = 146/146, Gp = 14/29, 5 = -0.93/0.07 = 1.0, +10
= -1.24/0.36 = 1.6, +20 = 0.2/2.6 = 2.4; Hg(R); Cp = 186/185,
Gp = 90/119, +£5 = -0.88/.0.28 = 0.6, +:0 = -1.1/0.05 = 1.15,
$20 = 1.0/2.6 = 1.6.

TiW(s, 8);0p = 705/632, Gp =
778/1498, +5 = -0.55/-0.1 = 0.45, +10 = -0.8/0.2 = 1.0;
TiW(6. 7); Cp = 596/570, Gp = 668/889, +5 = -0.5/0.2 = 0.7,
$10 = -0.8/0.64 = 1:44, +20 = -0.48/2.2 = 2.68

FMG-16; NOPZT-1-1

R.T./30 MIN, 200mTORR. 0 RPM,
RTA 650°C/10 SEC O,.

Hg{C): Cp = 1413, Gp = /1.4, +5=7.2, +10w14, +20 =
-0.2/19.2 = 19.4, Hg(1R); Cp = 14/13, Gp = 0.7/1.1, £5=8.6,
+10 = -3.3/9.5 = 12.8, +20 = BROKE DOWN

FMG-17; NOPZT-1-2

550°C/30MIN, 300 mTORR, 0 RPM

Hg(C): Cp = 36729, Gp = 6.7/14.3, 15=1, 10 = 2.6/7.1 =
9.7, +£20 = BROKE DOWN; Hg(1IR); Cp = 66/62, Gp = 10/44,
+5 = -0.95/1.1 = 2.05, £10 = -1.5/3.6 = 5.1, +20 = .0.2/4.6
=48

FMG-i8; NBTO-1.-2

550°C40 MIN, 200mTORR. 20 RPM
QUARTZ CAP = 624A, TiW DOTS-
1620A

Hg(C); Cp = 275/269, Gp = 365/912, £5~0.3, £10~0.6, +20
= BROKE DOWN, ; Hg(EN); Cp = 161/159, Gp = 14/39,
+5~0.15, £10=~1.0, +20 = SONOS. TiW(3, 6), Cp = 274/271,
Gp = 135/190, +5 = 0.49/1.61. +10 = 0.5/1.9= 1.4, +20 =
1.6/3.52 = 1.92; TiW(7, 9); Cp = 383/380, Gp = 341/400, %S5 =
-3.38/-2.58 = 0.8, +10 = -3.44/2.16 = 1.28. $20 = -2.2/-0.2 =
2.0

FMG-19;NBTG-1-3

550°C/20 MIN, 200mTORR, 20RPM,
30Hz

Hg(EN); Cp = 193/191, Gp = 46/82. 5 = -0.2/0.7 = 0.9. +£10
= 0.2/0.7 = 0.5, +20 = BROKE DOWN; Hg(EEN); Cp =
187/184. Gp = 76/103, +5 = -0.75/0.48 = 1.23, £10 = -0.9/0.6
= 1.5, +20 = -0.2/2.08 = 2.28.

07X;NBTO-2-1

$50°C/40MIN, 200mTORR, 20RPM,
10 Hz, BUFF. = 200A TO.

Hg(C): Cp = 2507271, Gp = 904/1562, $5 = -0.1/0.1 = 0.2.
410 = 0.05/0.76 = 0.71, +20 = BROKE DOWN, Hg(EN); Cp =
602/561, Gp = 339/705, +5m0.2, +£10 = -1,0/-0.64 = 0.36,
420 = BROILE DOWN

FMG-20;NPZT-1-3

R.T./ISMIN. 200mTORR, ORPM,
10Hz, RTA 650°C/10SEC.

Hg(C); Cp = 41/41, Gp = 0.3/15, +5=1.75, £10 = 1..3/38 =
2.5, +20 = SONOS; Hg(1R); Cp = 50/49, Gp = 4/6, +5=2.4.
410 = 2/4.6 = 2.6, +20 = BROKE DOWN.

7869-1:NBTO-2-2

550°C/40MIN. 200m’'ORR, 20RPM,
10Hz.

7869-2,NBTO-2-3

BUFF.OX/NIT/OXIDATION;
500°C/60MIN.. 200mTORK,
20RFM, 10Hz.
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Appendix C:  Westinghouse 8K FERRAM Test Vehicle Design Description

The 6083 FERRAM maskset consists of four different designs incorporating ferroelectric technology. These
four designs are the 6081, 6082, 6384, and 6085 chips. the 6081 chip is the 8K SONOS EEPROM designed
by Sandia National Labs (SNL) and successtully built at ATL as the 6071 chip. The 6082 and 6084 chips
are the SNL test pattern chip and the Westinghouse- designed test pattern chip, respectively. They were also
included on the 6073 maskset as the 6072 and 6074 chips. The 6085 is a SNL-designed test chip consisting
of various "SELF-STRESSING" circuits.

The modifications to the 6071, 6072, and 6074 designs consisted mainly of "Biteching" to the new process/
mask layer sequence, and changing the appropriate SONOS-ferroelectric-related layers in the memory devices
as well as adding Via and Metal-2 to the designs (the original 4uM SONOS process is a single level metal
process). On the 6081 chip, the only modifications made were in the core memory array, where it was
necessary to change the poly-memory-gate shapes to Metal-1, and add Via and Metal-2. The following pages
describe *he design rules, projection plate composition, and contents of the test chips.

C.1 Sandia Design Rules Extracted from “"SA3776 DWG" (CALMA 1.6070)

1) L.O P-well

a)min. Width . .. e e e e e 22 um

D) MiN. SPACE . . . . . e e e e 26 um
c)rec. space tC L2 . . . e e 1 um; buttmg
OK . ,

dyspacetoL6 .................... [ - 19 um
2)2.0P+ G B

aymin, width . . . . ... e e e e e ... 4um

D) MiN. SPaCe . . . . . e e e 16 um

3) 3.0 Thin oxide cut (device window)

a) min, Width . . .. e e e e e 8 um
by min. space (N4) . . . ... 8 um
C) MIM. SPACE (PF) . o oo ot e e e e 12 um
4) 4.0 Poly 1

a)y min, width . . . . 4 um
b) MIN. SPACE . . . . L e e e 4 um
c)overlap of L3 (n-ch) . . .. .. 0 um
d)overlap of L3 (p-ch) . . . .. ... e 4 um

5) 5.0 N- implant (extended-drain)
a)y min. width . . . . e 8 1m
b) overlap of L4 (channel length direction) ..................... .. ........ 2 um
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6) 6.0 P+ implant

A min WIdth . . . . e e e e e 8 um
D) MM, SPACE . . . . e e e e e e e e 8 um
coverlap of L3 . .. ... e e e e e e e e 3um

7) 7,0 Contact window

aymin, width . . . .. e e e 3 um
D) MM, SPACE . . . . e e e e e e e e 4 um
cyenclosed by L4 . . ... L e 2.5 um
d)enclosed by L1S . ... .. e e 3 um
e)enclosedby L6 .. ............... e e e e e e e e 2.5 um
fenclosed by L16 . . . .. . e e e e 2.5 um
g)space to Ld . . .. e e e e 2.5 um
h)enclosed by L3 . . . .. . e e 2 um
i)enclosed by LB ... .. . . ... e e 0.5 um
8) 8.0 Metal

aymin, width . . . ... e e e e e 4 um
D) MU, SPACE . . . .. e e e 4 um
9) 9.0 Bond pad etch

a)enclosed by L8 ... ... .. . e e e 4 um
10) 12,0 Memory gate .

a) overlap of L16 (channel width direction) *. . .. .. .. ... ... ... ... . ........ 3.75 um
byoverlap of L15 . . .. ... e e 4 um
11} 15.0 Poly 2

same as for poly 1 (4a-d)

12) 16,0 N+ implant

a)ymin, width . . . .. e e e e e 8 um
D) MIN. SPACE . . . o e e e e e e e e 8 um
C) Space to L2 . . . L e 4 um

13) 18.0 Poly 2 stringer etch

@) MIN. SPACE . L o ot it et e e e e e e e e e 4 um
b)overlap of L15 . . . .. . e e e 2 um
c)spaceto Ld . . . .. e e 2 um

14) 23.0 Field adjust implant

@) MIN, SPACE . . . ot ittt e e e e e 4 um

byoveriap of L3 (p-ch) . . . .. ... 5 um

coverlap of L1 . . .. L e 11 um
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Sandia EEPROMs. (Calma Libraries L6080, L6081, L6082, 1.6084)

WEC Fill Mask Mask
CALMA  Code Level Polarity Description

o ...... NA ..... 00...... Clear ......... Alignment
1 ..., 12 ...... 1.0...... Clear ......... N-well

2 ... 16 ...... 20...... Clear ......... P-well

3 ... NA ..... 330...... Opaque ........ N+ Guard band
4 .. ..., 71 ...... 40...... Clear ......... P+ Guard band
5 ... | 50...... Opaque ........ Device window
6 ...... 104 ...... 6.0...... Opaque ........ Non-mem poly
7 ...... S ... 7.0 ...... Clear ......... N- implant

8 ...... NA ..... 80...... Clear ......... N+ implant

9 ...... 90 ...... 9.0...... Clear ......... P+ implant
*10 ...... 10 ...... 10,0 ..... Clear ......... Contact

| S 91 ... .. 11.0 ..... Clear ......... Memory window
12 ...... 8 ...... 120 ..... Opaque ........ FE removal
*3...... 76 ...... 13.0 ..... Opaque ........ Metal |

14 ...... 9% ...... 140 ..... Clear ......... Via
*5...... NA ..... 15.0 ..... Opague ........ Metal 2

16 ...... 82 ...... 6.0 ..... Clear ......... Overcoat

+ The N-well layer (L1) is generated by DRC program.
* DRC sizing required.

C.3  Alignment Tolerances

C.2  Westinghouse 4 um FE/SONCS/CMOS CALMA and Mask Levels for Ferroelectric Version of

Baseline  (L#| Level Name 10 11 12 13 (4 15 1617 1819 110111112113 1141151161
Alignment  |b---+
Sequence ! O ! Alignment tjrj1frfjrf2(2]3fafz2]3afa]3]a]s|s
A 4 4 4 1 ;|  N-Well 2 J2 223 {3[af3[3]a]s]|a]s (e [7
| b o= 2 TEWell 2 |2 213 |3 |a]|3[3]|[a]|5a]s5]6]7
L= = 3 v e 2 |2 |33 |4 3[3]a|s5]a]5]617
= = = 4 P+ G.B., 2 /3 [3Jal3[3]als[als]6 |7
= = = =5 " Dev. Window 1y i 21123234 s
s ;."3_1 Poly 2 ]312]273[4]3]4l51]6
o L= p7 4. N-Implant 3[21213TaT3Ta[sT s
L= = " NtImplant 3 (3[4 5 ]a]s5 167
= = = b __+___P:tzgplant___ 2 |3 1413 ]4]51]6
= = = = l___l_()_+____(:‘9£11:act — 1 (21171213 {4
s 4 11 Mem.Window _ 12 {3 }4]5s
H s+ = /12 F.E.Removal 3 (a5 [6
= = 13 Metal 1 112 /3
e R SO

A '_'}_4_+______Y.'La 1 j2

4 = }__1_5__‘___ Metal 2 !

4 = = 16 Overcoat j
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C4 Description ¢t "TA751_ATL" 4 um FENV/CMOS Test Chip

CALMA Library : L6082
CALMA Structure : TA751_ATL

(1) TP13_ATLP
This padset consists of SNL Module-13 structures (eight 8/4 FENV transistors) and also SCR structures
C, D, and E (Tx= 13, 10, and 8 um, respectively). See figures 1-1 and 1-2.

FENV pinouts (one pin for source and P-well)

Source Gate Draip P-well
20 18 19 20
23 21 22 23
13 11 12 13
10 8 9 10
34 32 33 34

FENYV pinouts (separate pins for source and P-well)

Source Gate Drain P-well
16 14 15 17
26 24 25 27
30 28 29 3

N-substrate pin 7

SCR C: N-sub § P+ 6 F-well 36 N+ 35
SCR D: N-sub 3 P+ 4 P-well 38 N+ 37
SCR E: N-sub 1 P+ 2 P-well 40 N+ 39

(2) RESIST_CAP_ATLP
This padset consists of the six SNL capacitors (A, B, C, D, E, and F), poly Van der Pauw (pins 27-
32... see figure 10), metal Van der Pauw (pins 21- 26), N-+ resistor (pins 19, 20), P+ resistor (pins 36,
37), and the current mirror circuit.
A. Capacitor A is a metal gate capacitor in p-well with P+/P+ GB under gate. Its area is 0.5
x 10 um?2. (Pins 4,3).
B. Capacitor B is a metal gate capacitor in p-well with P+/P+ GB under gate. Its area is 0.3 x
106 um2. (Pins 4,5,6 P-well).
C. Capacitor C is a metal gate capacitor in p-well with P+ GB under gate and a P + halo around
gate. Its area is 0.3 x 10% um2. (Pins 34,33,7 P-well).
D. Capacitor D is a poly 1 capacitor in a blanket p-well and guardband substrate with P+ halo.
Its area is 0.3 x 105 pmz. (Pins 2,1).
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E. Capacitor E is a poly 1 capacitor in p-well with P+ halo. Its area is 1.0 x 100 gm?.
(Pins 40,1).
F. Capacitor F is a poly 1 capacitor in n-well with N+ halo. Its area is 1.0 x 106 ,um2.
(Pins 39,38).
(3) A_TOJATLP
This padset consists of SNL transistors A to J (ten total).
A. An NMOS transistor with W/L of 40/4 (C4810_CEL).

source 2 gate 40 drain 39 P-well 1
B. An NMOS transistor with W/L of 100/10 (C4820_CEL).
source 4 gate 38 drain 37 P-well 3
C. A PMOS transisior with W/L of 40/4 (C4830_CEL).
source 6 gate 36 drain 35 N-sub 5
D. A PMOS transistor with W/L of 100/10 (C4840_CEL).
source 8 gate 34 drain 33 N-sub 7
E. A PMOS poly field oxide transistor with W/L of 22/14 (C4850 CEL).
source 10 gate 32 drain 31 N-sub 9

F. A PMOS metal field oxide transistor with W/L of 22/14 (N+ GB under
gate) (C4860_CEL).
source 12 gate 30 drain 29 P-well 11

G. A PMOS metal field oxide transistor with W/L of 22/14 (no N+ GB under
gate) ({C4910_CEL).
source 14 gate 28 drain 27 N-sub 13

H. An NMOS metal gate transistor with W/L of 26/18 (no GB under gate)
(C4920_CEL). B
scurce 16 gate 26 drain 25 P-well 15

I. An NMOS poly transistor with W/L of 26/18 (no GB under gate).
(C4930_CEL).

source 18 gate 24 drain 23 P-well 17
J. An NMOS metal gate transistor with W/L of 26/18 (GB under gate).
(C4940_CEL).
source 20 gate 22 drain 21 P-well 19
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(4) K. TO_T_ATLP

This padset consists of SNL transistors X to T (ten total).
K. An N-FENV transistor with W/L of 8/4 (C4950_CEL).

P-well 1 source 2 drain 39 gate 40
L. An NMOS poly field oxide transistor with W/L of 26/18 (no GB under gate) (C4960_CEL).
P-well 3 source 4 drain 37 gate 38

M. An NMOS N-extender transistor with W/L of 40/4. This transistor differs from A in that the area of
the source and drain is larger. Space from oxide to poly is 11 microns instead of 8 microns(C5010_CEL).
source 6 gate 36 drain 35 P-well §
N. An NMOS N-extender transistor with W/L of 30/3 (C5020_CEL).
P-well 7 source 8 gate 34 drain 33
G. An NMOS N-extender transistor with W/L of 20/2 (C5030_CEL).
P-well 9 source 10 gate 32 drain 31
P. A PMOS transistor with W/L of 30/3 (C5040_CEL).
N-sub 11 source 12 gate 30 drain 29
Q. A PMOS transistor with W/L of 20/2 (C5050_CEL).
N-sub 13 source 14 gate 28 drain 27
R. An NMOS metal field oxide transistor with W/L of 26/18 (no GB under gate) (CS060_CEL).
P-well 15 source 16 gate 26 drain 25
S. An NMOS metal field oxiu . transistor with W/L of 26/18 (GB under gate) (C5070_CEL).
P-well 17 source 18 gate 24 drain 23
T. An NMOS poly field oxide transistor with W/L of 26/18 (GB vnder gate) (C5080_CEL).
P-well 19 source 20  gate 22 drain 21

(5) C3542C_ATLP

The following structures are included:

* analog cell C

* exploded CMS5SX_CEL (from analog ceil B)

* exploded TRIGGER_CEL (from analog cell B)
* n-channel transistor (from analog cell A)

* N- implant only transistor {from analog cell B)

a) 18/30 N- implant only: source 6 gate 8 drain 7
b) 7/11 P+ xtr: source 12 gate 14 drain I3
¢) 7790 P+ xtr: source 15 gate 17 drain 16
d) 9/30 N- implant only: source 18 gate 20 drain 19
¢) 18/30 N- implant only: source 24 gate 22 drain 23
f) 18/60 N- implant only: source 27 gate 25 drain 25
g) 10/30 NMOS: source 36 gate 34 drain 35
N-sub 21
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(6) DIODES_ATLP

This padset consists of the following:

* C2210C_CEL (p-channel 40/4 metal transistor with no memory cut)
N-sub 20 source 19 gate 21 drain 22

* N+ to P-well diode '
N+ 10 P-well 9

* P+ to N-sub diode
P+ 11 N-sub 12

* Metal Van der Pauw (structure Y)
pins 17, 18, 23, 24

* Poly Van der Pauw (structire W)
pins 15, 16, 25, 26

* INV_CEL (from analog cell A)

* CMSX_CEL (from analog cell A)

* LSHIFT_CEL (from analog cell A)

* TRIGGER_CEL (from analog cell A)

(7) TP3_9_ATLP
This padset includes SNL Module 3 (small memory array) and Module 9 (n and p-channel transistors):
Module 3 is a 4 row by 3 bit memory array. The schematic for Module 3 is shown in figure 7-1. It
contains a "dummy" row as can be found in the SA2999, SA3612, and SA3182. In this case, however,
both the MNOS and NMOS gates are tied to the p-well, whereas in the actual array it is just the MNCS
gates. The sizes, in microns, of the transistors are shown in parentheses. The width of the transistor is
shown before the ’_’ whereas the length of the transistor follows the '_’. The alpha character is the

transistor type; P for P-channel, N for N-channel.

Drain Gate Source P-well

8/2.4 N-FENV 9 10 31 36
8/4 NMOS 3 37 31 36
100/10 NMOS 2 37 31 36
50/5 NMOS | 37 31 36
40/4 NMOS 40 37 31 36
2 series

4/16 NMOS 39 37 31 36
4/16 NMOCS 38 37 31 36
100/10 PMOS 32 35 31 6
40/4 PMOS 34 35 31 6
40/4 PMOS 33 35 31 6

with 2x drain contact-to-gate space
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(8) TP14_ATLP
This has the same structures as SNL Module 14 except for two fewer of transistors C2210A_CEL and
C2210_CEL, it also includes transistors 1-5 below. See figure 8.
1. An NMOS poly gate oxide transistor with W/L of 26/26 (GB under gate)
(C5081_CEL). '
source 21 gate 19 drain 22 P-well 20
2. An NMOS metal field oxide transistor with W/L of 26/18 (GB under gate)
(C5082_CEL).
source 23 gate 17 drain 24 P-well 18
3. An N-FENV metal gate oxide transistor with W/L of 26/20.6 (GB under
gate) (C5083_CEL).
source 25 gate 15 drain 26 P-well 16
4. An NMOS metal gate oxide transistor with W/L of 26/20.6 (GB under gate)
(C5084_CEL).
source 27 gate 13 drain 28 P-well 14
5. An N-FENV metal gate oxide transistor with W/L of 26/26 (no GB under
gate) (C5085_CEL).
source 29 gate 11 drain 30 P-well 12

FENYV N-channel transistors

source gate drain P-well
8 10 9 7

33 31 32 34
4 6 5 3

37 35 36 38

FENYV P-channel transistors

source gate drain N-sub
40 2 39 1

(9) C2200_CEL

This is kept exactly as SNL Module 13, it is NOT padded out to 2x20 padset per SNL’s request. TPi3
ATLP is the Westinghouse-testable version of this Module.
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C.S Description of 1.6084 * WECPM_ATL" 4 um FENV/CMOS Test Chip

List of structures placed in L6084 "WECPM_ATL":

1) M_POLCWSTRATL : a metal to poly contact string consisting of 4800 3um X 3um
(padset A) contacts (pins 4.,5), and tap for 160 contacts (pins 5,6)
2) MNPLCWSTRATL : a métal to N+ contact string consisting of 4800
(padset A) 3 um X 3 um contacts (pins 23, 24), and a tap for 160 contacts (pins 18,

23). P-well contact is pin 17.

3) M_POLRSCTATLP : apoly resolution/continuity structure consisting of vertical
(padset A) poly serpentine inside poly comb (LW-4um, LS-4uM) over horizontal
device window stripes (LW-8um, LS-84M) over P-well with P-well
contact.
poly combs :  pins 36, 38
poly serp :  pins 37, 39
P-well : pin40
4) MOVERP_RSCT ATL : a metal over poly resin/cont structure consisting of vertical
(padset A) metal serpentine inside comb (LW-4um, LS-4um) over horizontal poly
serp/comb (LW-4um, LS4um)
poly serp :  pins 12, 33
poly combs :  pins 29, 30
metal serp :  pins9, 10
metal combs :  pins 31, 32
5) M_RSCT_.NOM_ATL :  a vertical metal serp/comb structure (LW-4um, LS-4um)
(padset A) metal serp : pins 13, 14
metal combs :  pins 27, 28
6) DCHAIN_ATL : & gate delay chain consisting of 100 inverter gates
{padset A) (Wp-32um, Wn-15um)

in 20 out 16 vdd 15 vss 25

MODEL_XTRS_ATLP : various sized NMOS and PMOS transistors for modeling
(padset B purposes, common source and comn:on substrate connected 50x50, 50x5,
50x4, 50x3, 50x2, 12x4, 8x4

NMOS PMOS

WL ¢ D WL G D

50/50 22 23 50/50 19 18

50/5 24 25 505 17 16

50/4 26 27 504 15 14
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8)

50/3 28 29 50/3 13 12
50/2 30 31 502 11 10
12/4 32 33 12/4 9 8
84 34 35 8/4 7 6
source 36 source S
P-well 21 N-sub 20

*4(0/4 NMOS annuiar transistor:
source 40 drain 39 gate 38 P-well 37

*40/4 PMOS annular transistor:

source 1 drain 2 gate 3 N-sub 4
SONOS_XTRS_ATLP : various sized N-FENV transistors, common source and common
(padset C) substrate connected:

10x5, 10x4, 10x3, 10x2

a P+, an N+, a Poly, and a Metal 1 Kelvin contact a 26x26 PMOS

transistor with N+ G.B. under gate

N-FENV P-FENV

WL & D WL G D

105 2 3 10/5 39 38

10/« 4 5 10/4 37 36

10/3 6 7 10/3 35 34

1072 8 9 102 33 32

source 10 source 31

P-well 1 N-sub 40

*P+ : pins 11, 12

M1 : pins 30, 29

* poly : pins 13, 14

M1 : pins 28, 27

* M2 : pins 15, 16

M1 : pins 26, 25

* N+ : pins 17, 18

MI : pins 24, 23

* 26/26 PMOS source 20 gate 22
108
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N-sub 19
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9)

10)

11}

12)

SRP_ATL

JC_TBS

JC_VERTNPN :
(padset A)

JC_MPCAP
(padset A)

spreading resistance probe structure (N-well, P-well, N+G.B. P+ G.B,,
N-implant, N +implant, P+implant; all 125pm x 800um

TBS structure (a 25 x 25 array of 8umxd4um PMOS transistors)

a vertical NPN device

N-sub : pin 7
P-well : pin 8
N+ pin 34

a 1000pumx1000um poly (pin 21)
to metal one (pin 20) capacitor.
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